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SUMMARY

The method employed heretofore to obtain approri-
mate solutions of the transonic flow equation for
plane and arisymmetric flowe dis ertended to give
reasonable results for wings of finite span, consistent
with the kumen properties of transonic flows. fn
this methad the particl difierential equition appro-
priate to the study of transonic flow is replaced by
a nonlinear ordinary differentiad equation, which
can be solved by numericcd methods.  Asymptotic
Jorms  of this  differential  equation  are
for very high and rery low aspeet ratios, and analytic
results are obtained for certain special cases.  From
the asymptotic form for low aspect ratio, analytic
expressions are derived for the pressure distribution

giren

on a number of interesting shapes, <neluding rec-
tangular wings haring wedge or eirenlar-are profiles
and also thin olliptic cone-cylinders.  For the thin
elliptic cone-cylinders comparisons are made with
previous theoretical results and with erperimental
data.

Nmerical results, ealeulated by use of electronic
computing machines, are yiven {n the form of pres-
sure distributions and presswre drag for two profile
shapes, wedge and cirewdar are, for wings of ree-
tangular plaw form.  The range of aspeet ratios
covered extends effectively fron: zero to infinity and
agreement arith the asymptotic results is shown at
both limits.

INTRODUCTION

This paper is concerned with the theoretical
prediction of the pressure distribution on thin,
nonlifting wings of finite span at Mach numbers
near 1. It is assumed that the wings are sufli-
ciently thin that the small-disturbance theory of

transonic flow can be used.  Attention is further

restrieted to wings whose plan form and profile are
such that at all paints the flow aceelerates along
the chord.  This makes it possible to extend the
“parabolic” method deseribed in reference 1 for
two-dimensional flow, and m reference 2 for axi-
svimmetrie flow, to permit determination of an
approximate solution for a wide elass of wings of
finite span.  The general properties of this solu-
tion are examined and compared with known
properties of transonic flow.  The case of wings
of rectangular plan form having wedge or sym-
metrical  circular-are considered  in
detail.  Results are given in the form of pressure
distributions, and for cach case the seetion and.

profiles s

total pressure drag cocfficients are also evaluated.
The number of wings included is suflicinet to
cover ¢ffectively the entire range of aspect ratios
from zero to mfinity. Simple analytic solutions
are given for various limiting cases of the ree-
tangular wings and also for certain other plan
forms.

Difficulties associated with the nonlinearity and
mixed type of the governing cequation of transonie
flow theory are such that no previous solutions,
exact or approximate, have been given for wings
of moderate aspeet ratio at Mach number 1.
These difliculties have not, however, prevented
the determination ol several important relations
between solutions (see ref. 3). These are: (@) the
similarity rule, which relates the solutions for a
family of aftinely related wings, (h) the equivalence
rule, which relates the solution for a slender,
low-aspect-ratio wing to that around an equiv-
alent nonlifting body of revolution having the
same longitudinal distribution of cross-sectional
arca, and (¢} the Mach number freeze, which

1
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relates the solutions for various Mach numbers
near | for any given wing.

Many iavestigators secking solutions to the
problem of two-dimensional transonie flow around
thin airfoils have emploved the hodograph trans-
formation, by means of which the governing equa-
linearized without approximation. In
reference 4 Guderley discusses the extension of the

tion 1s

hodograph method to the problem of three-
dimensional  transonie  flow  around finite-span

wings.  The advantage of linearization is lost in
the extension to three dimensions, however, and
his results are limited to certain trends for the
influence of aspeet ratio for a speeial type of
finite-span wing.  Guderley concludes that to find
o complete solution of the nonlinear equation for
transonic flow around a wing of moderate aspect
ratio would prove extremely cumbersome if not
impossible.

The approximate method presented in references
1 and 2 does not employ the hodograph {rans-
formation and no essential difficulty is encountered
in the extension to three-dimensional problems.
Application of this method leads, as before, to a
nonlinear ordinary differential equation for the
longitudinal perturbation velocity on the wing
surface.  However, for wings ol finite span the
resulting equation is considerably more compli-
cated than in the two-dimensional case and it is
necessary (o resort: to numerteal methods in order
to determine a solution.  The cquation is in a
form suitable for hand computation by the method
of isoclines and this method was used in pre-
liminary caleulations to explore the nature of the
solutions for the two profile shapes considered.
However, the volume of work required in the com-
putation of pressure distributions at several span-
wise stations on a number of wings of different
aspect ratios is sufficiently great that the results
tabulated in the present report were obtained by
use of electronie computing machines.
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SUBSCRIPTS

B body
ri front half
W wing
¢ edge
0 singular point

SUPERSCRIPT
* sonic point

FUNDAMENTAL EQUATIONS AND BOUNDARY
CONDITIONS

A thin wing of symmetrieal profile at zero angle
of attack is assumed to be immersed in a steady
flow of an inviscid compressible gas with free-
stream Mach number near 1. The axis svstem,
as shown i figure 1, consists of Cartesian coordi-
nates with the » axis parallel to (he free stream
and with the origin at the most forward point of
The wing plan Torm is deseribed by

1
() as indieated in figure 1.

the wing.
y=—us () and y

Fravre 1---View of wing and coordinate systeny,

Problenis of transonie flow wround thin wings
can be studied by use of the following equation,
where {7 wnd M are the velocity and Mach
number in the free stream, v is the ratio of specific
heats (y=1.4 Tor air), b Mi(y+ D/, and
the subseripts indieate differentiation:

o R VE R
(I—A‘I;)¢’II+¢u1/" Prz™ 7(("Y+ﬁ) Crfrr

= A‘S@I‘Pu ( | )

In this equation ¢ is the perturbation velocity
potential, whose gradient vields the perturbation

velocity components w, ¢, and w, parallel to the

FINITE SPAN FOR MACH NUMBERS NEAR | 3

x, y, and z axes.  The appropriate boundary con-
ditions are that the gradient of ¢ vanish far ahead
ol the wing and that the flow be tangential to the
wing surface.  For thin wings the latter condition
is satisfied if

()il oZ(xy) 2)
Pele=o—1" - or - (2

whiere Z(e,y) represents the ordinates of the sur-
fuce.  The pressure coeflicient is approximated as
i linear theory, that is

(" I’L:_Z%Z_Q”,
"op )2 [, (.

!

(3)

where p_ 1s the density in the free stream.

In addition to satisfving the above equations,
it 18 also necessary to tuke proper account of the
difference in regions of influence and dependence
i the subsonie und supersonice portions of the flow
field.

In general, shoek waves occeur in transonie flows
and when they appear, additional equations are
needed for the associated discontinuous changes
m veloceity.  For the purposes ol this paper, how-
ever, the shock relations are not required.  In the
first place; attention is restricted to Mach numbers
sufficienty near 1 that the flow in the vieinity of
the wing is essentially the same, by virtue ol the
Mach number freeze, as at free-stream Maeh num-
ber 1. Second, the shapes considered are confined
to those for which, at Mach number 1, the shoek
stands at the rear of the wing where s influence
can not extend onto the wing surface.

APPROXIMATE SOLUTION

The teehniques used in references 1 and 2 ean
be applied to determine an approximate solution of
equation (1) for a finite span wing at Mach num-
bers near 1. First, the coeflicient of ¢, 1s replaced
by the symbol A as follows:

A= | ME(y+D0 e =k0u/0r >0 )]
et os—ho=—{1=M)p.=[p («"-))

Attention is restricted to eases for which A s
positive and it is assumed, as was also done in
references 1 and 2, that A varies sufliciently slowly
that it ean be considered constant in the initial

stages of the analysis. The resulting equation is
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Linear for A= constant and is of elliptie, hyperbolie,
or parabolic {ype depending on whether the free-
strenm Mach number is less than, greater than,
or equal to 1. Use of the boundary conditions
given with equation (1) and the form of Green’s
theorem appropriate lor the left side of equation
(5) leads to the following equation for w if no ae-
count need be taken of shock waves:

—Alty—n)t+ 2

{{r—§&)

' r [N S
.0 [,&J' 010k, dy

wplay, ) =—= i
- 5148 £ _g

21 o Jo

=M =) (2—= 1]

__.;\OOI‘ r/n [,,, ([5" ll lf—PS(J 1(r—~§) 415
(6)

where

Jr=—0=M)es

143

The subseript 2 on u serves as a reminder that X
i considered constant at this stage ol the analysis
At Mach number 1, f. 18 zero and wp can be eal-
culated for any given value of A for a known pro-
file and plan form. AU other Mach numbers
equation (6) is an integral equation whose solution
remains to be found.  For Mach numbers near 1,
however, fp is very small and gg ean safely be
replaced by MA. The triple integral ean then be
evaluated with the following result:

1”,(""1/“:)_ (1=

I ¥
=Mty—mit ]
Lo (7, (% 0410t = iu-p -
e c ,
Ry D.l‘.‘“ ’lsujf\'lr& "'*E ‘ ([T] (‘)

Next, the value of kep, at the point 2 is re-
stored in place of N in equation (7). For cach
value of y and = the result is a first-order, non-
linear, ordinary dillerential cquation for 2 as a
function of x.  The subscript £2 is now dropped,
and L, is written as A/, It is important that
the order in which the operations huve heen per-
formed be retained, and this is indicated in the
following equation by a notation designed to show
that the derivative with respeet to 2 1s to be taken
holding «” constant.

ﬂwéuﬂiﬂﬁ_LE)
l"‘“ _;“[3(7‘*1) 2 a.l'/ u' =const
' g rry k' ly—mi+

- tE J'_E

dn  (8)

-3

h

T cas»s where attention is confined to conditions
on the wing surface, » can be evaluated on the r,y
plane and equation (8) ean be simplified by letting
z==0 in the mtegral.

[t is convenient to express equation (8) in terms
of reduced variables indicated by the transonie
stmilarity rule and defined as follows:

= ,1;“/;”

dZjde=1d(Z/)]dr A

r=¢/=(maximum thickness)/(maximumechord)
J=[M2(y+D)rVyle,  S=[M2y+ D" ¥
o= (A2 —1)/| M2 (y-1) 7}

T (M2 GrH D1 (gl ) = =2 )
(9)

Equation (8) thus becomes

_—— 1 0
" (.r,g/,t),);—gm—% Si)?:mmt

= y—n*

ps E (A -z
f] dk ] “O(;i)éog e MRy (10)
( sk <

PROPERTIES OF TRANSONIC FLOW

From equation (10) it can be seen that for af-
finely related plan forms (fixed 5(7)), and affinely
related profiles (fixed d(Zjt){0F), % at a given T
and 3 varies only with £_. Thus the present re-
Note
that = has the same parametrie form as the aspect
ratio parameter customarily used i the statement
of the similarity rule, that is, 2= [MZ (y+ D784,
where L1 is the aspect ratio.

sults follow the transonie similarity rule.

For a rectangular
wing 5 is independent of 7 and the aspeet ratio
parameter, A, is 5,-1'%). For other plan forms

- - - o / T ((RG
A= ('\‘Inmx—f Namax) b," dr - - ‘[.U )
/ 0 —x, ) p
- 1

Fu thertnore 77 in the exponent in equation (10)
can be replaced by d(@+£_)/dF for a given value
of 7 and 1t follows for wings of affinely related
geotnetry that £, at a given 7 and 7 does not
vary with £_. Thus the present results contain
the Mach number freeze. Notice that there is a
coupling of uspect ratio, thickness ratio, and
Mach number in A, such that in order to main-
tain 1 fixed A for a wing of given thickness ratio
as the Mach number varies it is necessary to vary

the aspect ratio likewise.  The variation of aspeet
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mtio with Mach number is not great in the range
for which the freeze ean be expected to apply, and
would disappear altogether if & 1n equation (1)
were defined as (y+ D/, as is often done in the
study of transonic flows.  Thix definition of I is
not recommended, however, sinee it results in
constderable loss of acceuraey at Mach numbers

==

removed from unity (see ref. 5).

INITIAL CONDITIONS

For cach value of ¥ equation (10) iz a first-
order ordinary differential equation and its solu-
tion reguires the specification of ene auxibary
condition.  The simplest case 1s one for which a
value of u is known at some value of 7 for every
spanwise station. This is the case for a wing of
wedge profile, for which it is required that the
veloeity be sonic at the shoulder.  In general,
however, there is no point at which % is known a
priort and some alternative condition must be
imposed in order to determine a solution. Under
similar circumstances in references 1 and 2, the
assumption was made that the desired solution for
an analvtie shape was itself analytic. 1t happens
in all the cases considered, that is, two-dimensiotal
flow around an airfoil, axisymmetrie flow around
a body of revolution, and now three-dimensional
flow past a wing, that the equation contains a
singular point through which puass an infinity of
In each ease only one 1s analvtie.
Thus the requirement ol analyticity is sufficient

integral curves.

to determine a unique solution.
In order to show mathematically what has been
stated above, equation (10} ean be written

U=FE.05 7 ()
where
U=ttt
and
U7 =% =d (i +£)dT

The equation will be investigated for a fixed
adue of 7. A derivative with respeet to 7 ean
be taken as lollows:

U/ =007+ a0kl (12)

where it should be noted that both 0F/0r and
AF /O are, in general, functions of 7 and 7.
At a point where dF/QL7 =0 it is possible to

evaluate U7 providing only that [ is finite,
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With
T known at a point, it is possible to calculate T
at that point by use of equation (11). This is
not enough to determine a unique solution beeause
T However, addi-

but this is agsured if the solution is analyvtie.

{7 can have any finite value.
tional derivatives can be taken and in each case
the unknown, but finite, higher derivative of T
will be multiplied by 0F /77 =0 and ¢an be disre-
garded.  Thus all derivatives can be determined
i prineiple at the singular point.  Stnee each one
15 finite and umquely determined, it follows that
the assumption of analvtieity is sufficient to
determine a unique solution in the neighborhood
of the singular point.

It is interesting to note that in both the two-
dimensional and the axisymmetrie eases 3F /07
is u product of a function of r and a function of
T, that is, dFQU'=f,(M)f.(T"). Thus when
OF AL is set equal to zero, the loeation of the
singular point is given by /,(7)=0 providing

£ 18 not zero, and this latter condition was

assured in both of the above-mentioned cases by
the requirement that 777 be finite.  In the present
ease O/ does not have this convenient prop-
erty and the two equations, 9F /T =0 and T/ —
OF/0r=0, are solved simultancously for the
location of the singular point and the veloeity
gradient at that point.

ASYMPTOTIC FORM OF APPROXIMATE SOLUTION
FOR LARGE ASPECT RATIO

Before proceeding to ealculate pressure  dis-
tributions for a particular plan form and profile
shape, it is well to consider what general results
an be found from equations (8) or {10) for various
limiting cases, and whether the associated simpli-
fications of the equation may make it possible to
obtain analytic results. Tt will be shown that
under certain circumstances analvtic results can
be obtained for wings of very large and very small
aspect ratio.

For an unyvawed wing of very high aspect ratio
with an extensive region of constant chord and
airfoil section, advantage can he taken of the
presence of the exponential function, which tends
to diminish the importance of distant regions
relative to those nearby and thus permits simpli-
fication of the equation. Two possibilities will
be considered, one for which such a region of
constant geometry oceurs near the center ol the
wing and one for which it occurs near the tip.
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CENTRAL REGION OF HIGH ASPECT RATIO WING

Place the origin in u region of constant geometry
near the center of a very high aspect ratio wing and
make use of the nature of the exponential function
to justify disregarding small variations at distant
points. Thispermits equation (10) to be simplified
by letting 5, (T) =%(F)=w and considering Z a
function of % alone across the entire span.  The
following asyvmptotic form results;

7129 UL
" EL—_gﬂ'a-T i =const .Iﬂ ;_f (IE
e 1 d '—‘(/(Zf"i)/(lf
J m,Au—E’(/q—_‘Em_:’rd ([.1 " (va)l_"[gf
or
- oL (rdZinME
(T+£.)y == \‘;J, ooprt ]
(13)

This 1s the counterpart in reduced variables of the
result given n equation (42) of reference 1 for
two-dimensional flow past an awfoil.  The solu-
tion can be found in analytic form for an airfoil
having ordinates given by an analytic function
provided that % {-£. is known at one point. Il
this point 1s the sonie point, 7%, where 24-£,=0,
the general solution is the same as that given in
cquation (47) of reference 1, namely

— — wEre

(', —2u—2f -2 {;’r J;
7 “'t(/ﬂt/él i &
|_//.7'1 Ju gyle "

.-E rJT'(Ipcl (14)

As o osimple example, constder a wedge profile
for which the ordinates of the surface are defined
by Zit=usic=T for 0<r<¢/2 and Zit=% for
z=¢2. Thus the shoulder, und therefore the
sonie point, 1s at 17—, equation
(14) becomes, for <0,

For this case,

143

(7; In 21)‘ (15)

‘This result, which 13 the same as that given in
equation (50) of reference 1, is shown in figure 2
for M.=1, together with the corresponding
theoretical result given by Guderley and Yoshihara

o

o% B --‘-“\|\\\\\\\\\\\\\\\\\\\\\\ x
e x
|
Cp2§
2 -
Expertment ref. 9
g:.10
O Upper surface
El fawiof O Lower surface
'/ e 8:.086
/ =10 O Upper surface
4 ) O Lower surface

Froure 2-—Theoretical and experimental pressure  dis-
tributions at M_=1 within a region of constant ge-
ometiry on a very high aspeet ratio wing having a wedge
profile (two-dimensional flow).

in reforence 6, and with experimental data oh-

tained in the Langley annular transenic wind

tunne. and reported by Habel, Henderson, and

Miller in reference 7. It should be observed that

the pressure gradient at the shoulder is infinite

in the theoretical results. It can be seen in equa-
tion (13) that an infinite pressure gradient is the
inevitable consequence ol requiring £,

Zzero at a point,

to be
such us the shoulder, where the
derivative of the integral is not zero.

Next, consider a smooth profile for which 74¢,
is not known a priori at any point.  Equation (14)
has the same form as equation (1), that is U=
FE T 0).
to z and the coeflicient of T 77 set equal to zero, the
singulwr point is found to be at the
which

If w derivative is taken with respect

&4

value of ¥ for

o (TAZIOME ;
d7 ‘J” (—,_ __E‘)I 2 4/E 0 (1 ‘))

It ean be seen from equation (13) that the singular
point is also the sonic point, sinee w+§£, is zero
there for any finite value of @', Thus equations
(14) and (16), which are l(lum(- il with equations
(47) and (45) of reference 1, wre saflicient to de-
termine a unique solution.  Furthermore, at the
singular point, the analytic solution automatically
satisfirs the remaining relation
equation (12), that is, T’ =03/F/07.
Theoretical pressure distributions computed for
several airfoils by use of the above equations are
given in reference 1 and are shown there to be in
good agreement with experimental pressure distri-

obtained from
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butions at M,=1. Of these airfoils, the most
pertinent for the present discussion is the circular
arc, defined by Zit=2(z—7% for 0<T<1. For
this profile shape, equation (16) vields Fy=T*=1
and equation (14) becomes

— 12 _ ~ _ 3 173
=2, 2 7fr[(mJ,y)-(\u-%\nr-’ﬁu ;)]} (17)

This result, which is the same as that given in
equation (53) of reference 1, is illustrated for
M,=1 in figure 3 together with experimental
data from reference 8.

Experiment, ref. 8

l ;
_4 T . . . i | o %/%‘//
08 : égg |

0o 08 : a

T @ et

2 Q. Eq.(7)
5

S

o T2 a6 8 0
X
Ficure 3.—Theoretical and experimental pressure distri-
butions at M =1 within a region of constant geome-
iry on a very high aspect ratio wing having a circular-
are profile (two-dimensional flow).

Attention should be called to the fact that one
of the several airloils considered in reference 1 is
cusped in the rear and thus does not meet the
requirement of positive A along the chord as speci-
fied in equation (4). It is necessary in this case
to use the closely related hyperbolic method in
order to obtain an approximate solution for the
rear portion, and a similar procedure would un-
doubtedly be required also for a finite-span wing
having such a profile shape.

TIP OF HIGH ASPECT RATIO WING

Consider a wing having a constant geometry
region at one tip and place the origin at the tip
so that 7=F§=0. Again the influence of the
exponential function is such that 3,(F) can be set

JT88N3 061 —2
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equal to infinity and Z can be considered a [une-
tion of ¥ alone across the entire span.  Equation
(10) then becomes

ﬂ+'§oo:—ll) [7 *]”_7 !!

Z \7!'?(/ dr

TA{AIDME ,
S|y

Inasmuch as this result only differs from that
given in equation (13) by a factor of %, which
annot affect the position of the singular point,
it follows that there is a very simple relation
between the solution for the pressure distribution
at the tip of a constant geometry region of a very
high aspeet ratio wing and that for a two-dimen-
stonal airfoil having the same profile shape,
namely

)lfdimvn (]9)

— . TN —
( I!tlpjlgx:—}_(é) (€ 'p

ASYMPTOTIC FORM OF APPROXIMATE SOLUTION
FOR SMALL ASPECT RATIO

For a very low aspect ratio wing, simplifieations
can be introduced which make it possible to
derive an asymplotic form  of equation (8).
From this, analytie solutions can be found for a
number of interesting shapes.

Let the integration be performed in two steps:
0 to r—eand r—etlo r, where eis a small quantity.

u 1 b)
{ 21 O u'=rconst

w©

—ku'[(y—nl2427]

J'J‘A&({S J'sg(ﬁ aglag ()* - 4§
0

—88) °x—§&

dn

—ku'[ty—m12422]

r 3y () DZ@ Hir—g
+Jf f’ff_m. x4;” R
(1—AM12) 5
) g
Tarin G

Since the point =z is excluded from the first
term on the right and the exponent of ¢ In that
term is, consequently, alwavs small for vanishing
aspect ratio, the exponential function ean be
replaced by the first term of the expansion,
=14 .. Since  the z-wise  variation of
the surface slope and of the wing tips in the small
region between z—eand zis very small, the values
appropriate Lo z can be used in the second term
on the right.
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e ([f R VA

U __71 oz
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(Ym 2r a-l w —(umt{f
k[ (y—n) 24 2]

+ [ | ;o e

dy

-8, () a.l I—¢ r—E
(1—ML) .
Tiray  GY

The 5 integration of the first term on the right
can be performed symbolically since the integral
ol 207/dr across the span 1s equivalent to the
longitudinal gradient of cross-sectional area, S’ (z),
providing only that the wing ordinates, Z, are
zero at leading edges and swept trailing edges.
The & integration of the second term on the right
can be performed approximately by introducing
a new variable for the exponent of e and retaining
ouly the first, or logarithiie, term in the expansion
of the resulting exponential integral.

1 S’ E)
)7r OJ Acumt{ I‘ S
) k' e
, In ( 4e )

i ((g—n)+ } 22)

(A=A
Uy MLy+1)

L0 0

—.] -5t O

where (7 is Euler's constant =0.577215665. . . .

After the indicated derivative is taken, the first

term on the right can be integrated by parts and

rearranged so that the terms containing e cancel

exactly,  The desired asymptotie form for
of vanishing aspect ratio becomes

a4 wing

[\[m(erﬂ((iI

rr S”I Sv//j
(e,

u (=12 __A"(()) S"
[ M2yt 1) 47r1

w

AYII(J

+47r

1 O (W R ‘
+§;}"3J.J_sl()a [ (y—m+ 2ldn (23

If attention is ('()nﬁnv(l to the surfuce of the wing,
it is suflicient 1o set z=0 in the last term and
thereby evaluate Il‘/(,“m on the 2y plane.

As discussed  previously in connection  with
equations (10) through (12), the initial condition
required for the solution of equation (23) can be
fixed by the presence of a shoulder at which the
veloeity s assumed to be sonic, or it ean be de-

termine 1 for a smooth shape in accordance with
the requirement that the solution be analytic at
the singular point. In the latter case it follows
from equation (23) that for vanishing aspect ratio
the singular point occurs where S () =0.

It should be noted that the assumptions used in
deriving equation (23) break down if the wing i1s
not essentially slender.  Thus use of equation (23)
may lead to equivoceal results near a shoulder or
leading edge where the flow is locally two-dimen-
sional i1 character. It is to be hoped, however,
that such a local fuilure will not invalidate the
results on the remainder of the wing.

As ar example ol a case that violates the condi-
tion of slenderness near the leading edge, consider
an unyawed rectangular wing having a finite
leading-edge angle.  In this case, as in any other
for which 8’ (0) is not zcro, the first term on the
right eauses 7, to vary as 1/e near w=0. Such a
behavior near the leading vdgu 15 not as acceptuble
as the usual logarithmie infinity indieated by
subsoni: linear theory, because it leads 1o a
logarithmieally infinite value for the drag. How-
ever, a- will be shown later in this report, the
pressure distributions obtained from equation (23)
agree very well over most of the wing with those
caleuluted numerieally by use of equation (10),
and the agreement improves as the aspeet ratio
is decreased.

The failure of equation (23) to yield sonic
velocity at a shoulder in some cases will be pointed
out whenever it occeurs, but it appears to be highly
localize I and should eause no diffieulty in the
interpretation of the results.

Prov ded that z, instead of #, 1s retained in the
last ter n, equation (23) can be recognized as that
given in reference 2 for a slender pointed body of
revolut on plus the additional term, S(0) /4w,
which s zero for a pointed body.  The initial
conditien is determined in the same manner for
wings s for bodies and the methods of solution
used in reference 2 ean be applied for wings. Tn
general it is necessary to resort (o numerieal
methods, but there are speecial cases for which the
equation simplifies and analytie solutions can be
found., For instance, if 8”7(x) is identically zero,
the resilting equation is algebraie, and if 8" ()
is a constant, the resulting differential equation
an be solved by separation of variables as in the
case of the cireular cone-evlinder in reference 2.
Although at first glance these appear 1o be trivial
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solutions, it will be shown on the following pages
that both have interesting applications.

SOLUTION OF EQUATION (23) FOR §”(x)=0

If S§'7(x) is identically zero, all terms on the

right in equation (23) drop out except the term

containing S’(0) and the final integral term.
Thus, for a thin wing

u (=M_% S’ (0) .
U, M A(v+D " dax +1 (24)
where
=L 2 (" Gz 2
9 0s ) (dZdr) In (y—n)*dn
and

S{0)=.S8"()=constant

Application to a wing of rectangular plan form
having a wedge profile.—Consider a thin, low-
aspect-ratio wing having rectangular plan form
and cross section and a wedge profile, as in figure

Figure 4.—Low-aspeet-ratio wing having rectangular
plan form and ecross section, and a wedge profile with a
shoulder at r=¢/2.

4. Let the plan form and the surface ordinates
be deseribed as [ollows:

s () =8 () =~ = me=constant

Z(eanjt=urje for 0<e<e/2 (25)
Zlaeant=1/2 for «>e/2

Thus there isa shoulder at x=¢/2, forward of which

S’ (#y=4tm and both 8”7(r) and I are identically

zero. Substitution into equation (24) vields, for
z<e/2,

21—M.%  Ar

1) Tr(elc)

RTINS (26)

where the aspect ratio, A=2m, is based on the
entire wing area to z=¢. Figure 5 shows the

X

F1GURE 5.—Pressure distribution at M =1 on wing shown
in figure 4; A==1/2, +=0.03.

pressure distribution at M, =1, computed by
use of equation (26), on a wing for which 1—=1/2
and 7==0.03. In terms of the reduced varinbles
defined in equation (9), equation (26) becomes

C,—2% =A/xr (27)
7
2 2 3 4 5
A eea
3
2 o L .
Cp-2€,
3 [ L I
a L - B G- SR _— - —

Fravre 6.—DPressure distributions near 3 —1 for several
low-aspect-ratio  rectangular  wings  having  wedge
profiles.

Figure 6 shows results computed by use of equation
(27) for several values of 1. Note that the re-
quirement of sonic velocity at the shoulder eannot
be met by equations (26) and (27) for a nonvanish-
ing wing of finite length. However, it will he
seen later, in the comparisons with the results
obtained by numerical methods from equation
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(10), that this failure at the shoulder affects only
a very small region. It can be seen by reference
to equation (23) that sonie velocity ean be achieved
at the shoulder if the term [S7(x)/4xIn(e’ /17 )]
is restored there by an infinite value of /. Note
also the 1/ mfinity in ', at &=0 leading, as
diseussed following equation (23), to logarith-
mically infinite drag.

Application to wing of parabolic plan form
having a diamond cross section.-—(Clonsider a thin,
low-aspect-ratio wing having parabolie plan form

A4:15
T:03

Firgure 7.—Low-aspeet-ratio wing having parabolie plan
form, dinmond ecross section, a parabolic profile along
the center line, and a shoulder at & =¢/

and profile and a diamond cross section, as in

figure 7. Let the plan form be deseribed by

s () = () = me(aje)VE for 0<e<e2
28)
s () =y () me(1/2)1

for u>e¢/2
and let the ordinates of the surface be deseribed by
Z{rpit= (af2e)V* (L —yis) foro<e<e2

Zrapit=0172y(1— "y~

) for «>¢/2
(29)
Thus there 1s a shoulder at x=¢/2, and forward of
/

the shoulder 8’(x)=y2tm. Substitution into
equation {24) vields, for »<e¢/2,

2= A Dy (1)
O jji(?ﬂ}'l)ﬁwﬁw(ﬂc](.s-, In (1—%-]//.\‘) (30)

where the aspect ratio, 20=3,2m, is based on the

arca of the wing ahead of the shoulder, but 7 is
based on the full chord. Figure 8 shows the

Fraurzs 8.—DPressure distribution at M =1 on wing shown
in figure 7; .1:=3/2; 72 0.03.

presstre distribution at M, =1, computed by use
of equation (30); on a wing for which .1=3/2 and
r=0.03. As can be seen in the equation,
C4 200 =MC)/ME (y+1) is proportional to 1/z
for a ixed value of y/s and there 15 no mechanism
for specifying sonie veloeity at the shoulder;
O, 420 —=AM2)ME (y+1) is zero on the center
line, ogarithmically infinite wt {y/s]=1 and be-
comes indeterminate as x—0.  As discussed follow-
ing equation (23), integration vields logarithmi-
cally infinite drag. No experimental or other
theorctical evidenee is available on which to base
an eviluation of the pressures ealeulated by use of
cquation (30).

Application to wing of parabolic plan form
having a circular-arc cross section. Consider a
thin, ‘ow-aspect-ratio wing having parabolie plan
form «nd profile and u circular-are cross section, as
in figure 9. For this wing the plan form is de-
scribe 1 by equation (28), but the ordinates of the
surfacr are speetfied as follows:

Z(xan/t=(/2c)"*(1 —y*/¥*) for 0<r<e/2

2l pit=(172)(1—y*s?) for >e/2
(31)

Again there 1s a shoulder at 2==¢/2, but forward
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A=15
. T-03
7

Frevre 9.— Low-aspeet-ratio wing having porabolic plan
form, circulur-sre profile
along the center line,

cross  section, o parabolic

and o shoulder at & -¢/2,

of the shoulder S'(r)=(4,2/3)m. Substitution

into equation (24) vields, for » <ef2,
()
A7 (a/) 1/ )h
T 12n(j)

where the aspect ratio, 1==34"2m, is based on the
area of the wing ahead of the shoulder, but 7 is
based on the full chord.  Figure 10 shows the

Ar

tar (i /o)

I — .
Y \) 132)
- I// ~

A=1.5
T:.03

Froure 10.—Pressure =1

distribution at M -
shown in figure 9; A =3/2; r=0.03.

on wing

WINGS OF

11
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pressure distribution at 3, =1, computed by use
ol equation (32), on a wing for which .1-=3/2 and
7—0.03.  The result is very similar to that seen
i figure 8 for the wing of diamond cross section
and the same remarks are appropriate.

SOLUTION OF EQUATION (23) FOR 8”(xy=CONSTANT

1P S7(x) is a constant the following substitution

results ina simplified form of equation (23).  Let
v =ML ST Ay b e
T T g 4 (33)

This vields the equivalent differential equation

da ‘A" U) n'” A
]”((r : S,,,l:(: UK

txylrt o’/l (’ ’[
— n(y— :
zwo.r. ymor Y il (34)
or
5G4
(/(; [ N -*-,r,\"' N ]]
=g
dr J
This can be solved by separation of variables,

vielding

e . Ny A
O ST
~In< —
A a

r
(.-

where 2, 18 determined in accordance with the
rules previously stated in the section on initial
conditions.  The desired equation for /U7, is
obtained by combining equations (35) and (33).

u (1=M2) N “1‘[‘7;(7'4,”((
{, ” 2 (v 1) 4m 4
s e ]
:‘—"T l“ "—"S,;‘/] £y e 0s S l[.l’] (»;ﬂ
T A J
\

Application o a wing of rectangular plan form
having a circular-arc profile. -Clonsider a thin,
low-aspect-ratio wing having a rectangular plan
form and cross section and a circular-are profile
as in figure 11. Let the plan form and surface
ordinates be desceribed as follows:

s (a) =88 =5= me=rconstant
en)

2/ t=2lrle— (rje)?) foro<er<e
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Frourg 11.—Low-aspecet-ratio wing having rectangular
plan form and eross scetion, and a cireular-are profile.

For this wing
S’ () =8t m(1—2rlc), S/ (0)=8tm

S’ () =—167m

| ERTEY AN .
I=5 (32) J L Anly=mtd

Substitution in equation (36) vields

MG e
4

(38)

R G2 )
U, ML(y+1)
imr 4171:*I_41711(J'1 ln“ i '
1

41/1f In

— In L p— "
T T ™ | me 7)1} n

©o(vrfc
+4mrln<[ ;
T Ju

where the integration with respect to s, is carried
rearward (rom the leading edge. The resulting
expression for the pressure coefficient is

\[2 (‘y+1)e"¢131’ SAT
20 | r

el (ul) (:30)

200—=M7%)  4dr
LT e

0 (0 ()
;j)] (40)

m

411’

- I
[J-(zx—l)eﬂ/u-—; i (—
where

—FEi(—n)= f

and T=us/c and where the aspeet ratio, A=2m,
is based on the entire wing area to r==c. Figure

(h >0

for 0Zue

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

471

A:=5
T:.03

‘=1 on wing
A=1/2; 7-:0.03.

Ficrae 12—Pressure distribution at M
shown in figure 11;

12 siows the pressure distribution on a wing for
which A=1/2 and 7=0.03. In terms of the re-
duce ] variables defined in equation (9), equation
(40) becomes

— T o o1 _ “‘__
(', — :'me:tlr In ((' )—+—L;I_ig In ;l—:—r!

2

A0 (D (=) (-]

Figire 13 shows results computed by use of equa-
tion (41) for a number of spanwise positions for
several values of 21, Later in the report these
will be compared with the results obtained
numerically {from equation (10).

For very small 7 equation (41) can be simpli-
fied by the use of the first few terms of the series
for —Fai(—1/27).
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¥

Fraure 13.—Pressure  distributions near M _ =1 for
several  low-aspect-ratio  rectangular  wings  having
circular-are profiles.

5T

- 20 44, .
(( ,,WZEI)E)[):*I_*; In [I\.I‘J(l_ . )}

AT ()
(=]

from which it can be seen that there is a 1/x
singularity at the leading edge. Thus, in this
case also, the pressure drag is logarithmiecally
infinite.

Application to thin elliptic cone-cylinders.—
Consider a delta wing of elliptie cross seetion as in
figure 14. Let the plan form and the surface
ordinates be deseribed as follows:

si(n) =8 () =s=mur \
Z(rapjt=(zf)[1— (/)2 for 0<e<e/2 (43)
Zea) ft= /2 [1—=(yf)* V2 for a>¢f2

4:20
- r:.03

"G
———— i
Ty
i
N
%
—
T
ol

Freuvre 14.—Thin elliptic cone-eylinder with a shoulder
at x=¢/2.

Thus there is a shoulder at 2=¢/2 and forward
of the shoulder

S’ (r)=2rmil{rjie), S’ (0)=0
S =2zmr 49
[=(S"72m)[141n (mef2))

Substitution in equation (36) vields, for x <ef2,

u (1=M2) mr In MIGy+H1)ee

U, Mi(y+1)" 2 4

mr —2( ) y .
— ~1n ye T BRI GEDY ]y (45)
2 mr .,

With the requirement that (/{7 )— (1 —23M_*)/
M _*(y+1) is zero at the shoulder, the resulting
expression for the pressure coeflicient is

2(1—A12)
O
, 32 In (2x/c)
:——2]71T+ mr In [:f"'— J[zz“)j‘%(il’);’(’";‘TJ

()" In (2r/e)

ME(y+1)et 3

o ‘,“1 [ (46)
where the aspeet ratio, J1=4m, 1s based on the
area of the wing ahead of the shoulder, but =
1s based on the full chord. Figure 15 shows the
pressure distribution, computed by use of equa-
tion (46), on a wing for which .1=2 and r=0.03.
On the same figure i1s shown experimental data
obtained by Page [rom a test in the Ames 2- by
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4:2.0
o 1 =03
] Fg (46!
ip --0- - Experiment, ref 3
05
]

Theoretienl and experimental pressure dis-

1 on wing <hown in figure 14; A4 2]

Fieuvre 15,
tribution at M
=003,

2-Foot Transonic Tunnel (see ref. 93, The agree-
ment is not very good. However, Page calls
attention to the Taet that significant tunnel wall
interference was present in the tests in the 2- by
2-foot tunnel even though the model used was
quite small, 5.5 inches [rom apex to <houlder.
Although the tunnel interference effects on the
thin elliptic cone were not evaluated  direetly,
Page tested the equivalent body of revolution, a
7° circular cone-exlinder, in the Ames 14-Foot
Transonic Tunnel as well as in the 2- by 2-foot
tunnel and he argues fron the prineiple of tran-
sonic equivalence that the interference effeets
should be the same on the wing.  This 1s further
substantiated by the fact that the differences
hetween his experimental results for the thin wing
and the cireular cone-exlinder in the 2- by 2-foot
tunnel are in agreement with the equivalence rule.
Sinee additional tests of the eircular cone-exvlinder,
reported in reference 10, indicate that the results
obtained in the 14-foot tunnel correspond very
closely to free air conditions, the corrections
derived from comparison of the tests of the
circular cone-cvlinder in the 2- by 2-foot and
14-foot tunnels are applied here to Page’s data for
the thin elliptic wing. The resulting corrected
pressure distribution is shown in figure 16 in
comparison with the same theoretical pressure
as in figure 15, The agreement is somewhat
better although a muarked discrepancey remains
near the shoulder. In econsidering this diserep-

A4:=20
X T:03

Eq. (46)

Co --O—- Experiment, ref. 9
(Gorrected for tunnel
05 interference)

Frouvre 16.—Theoretical and corrected experimental pres-
sure Cistribution at M -1 on wing shown in figure 14
A=2 7=0.04.

ancy, it should be rerembered that experimental
results customarily show sonic veloeity occeurring
sonewhat forward of the shoulder for cireular
cone-crlinders and two-dimensional wedge airfoils
as well as for the elliptic cone-evlinder shown
here.

The transonic equivalence rule gives the fol-
lowing relation between the pressure cocllicient
on the thin elliptic cone wing and that on the
surface of the equivalent civeular cone-exlinder.
(See ref. 11)

(" (' = IILT“ i ]]](,”’3:47_)] (47)

P

where the subseript M indicates the wing and the
subseript B3 indicates the body.  Note that 7 in
the present report is the same as 2/ in reference 11,

A oorresponding  expression in the  present
approsimation ean be obtained by subtracting
from the solution for the wing, as given in equa-
tion (45), the solution for the equivalent cirenlar
cone-clinder as given in referenee 2. There are
two parts to this cone-eylinder solution.  The
expression applied to the part of the cone from
2rfe="1;10 2x/e==1 is the result of solving equation
(23) fer the circular cone in mueh the same way
as it 1s solved here for the wing,  The result is

D 2U=MD 2
CoAyzgay T E ( ¢ )

: o A= Crfo?] :
+6 111{6 A D 9 (48)



PRESSURE DISTRIBUTIONS

where 8 is the hall apex angle.  Sinee investiga-
tion of this expression indieates w’--0 at the
apex, which probably means that the results
obtained [rom it deteriorate as - >0, 1t is recom-

mended in reference 2 that a solution based on

the closely related “elliptie” method he  used
instead for the forward part ol the cone. Tt is
possible to join the two solutions at 2rfe==14,

matching both the value and the slope of ('p at
that point.  The expression given in reference
2 for the pressure distribution on the ecireular
conc-cvlinder from 2rfe==0 to 2rfe—14 is

c 20 =MD (20
("+JIEG+1')#_“}0 In ( ¢ )
162 )(1_)J ‘)], ¢ ),_ ,
R G e TR ] o

(49)

A relation between €7, and 7, in the present
approxinution can now he written as follows,
since for an equivalent wing and body & =m7:
0" 20le <1/3

n mr (1 —6uric
—mT [H“l“ ,' :l— 2 1—2.:';(‘)

2N\ (v F D e“FnPr—321n (:
+"'Tl”{(\’éif)[' B 64(1—2r0) ]

1/3< 20/¢< 1

(v ‘(!

oy e

€, —C

y rp
{( )

In figure 17 the result of computations in which
these two equations were used is shown together
with that obtained by use ol equation (47) and with
experintental data from reference 9. Equation
(50b) is theorcetically correct at the shoulder since
it results 1 sonie velocity there which equation
(47) does not do. The present results agree
reasonably well with equation (47) for u little dis-
tance forward of the shoulder, but the difference
increases with the approach to the apex where
equation (50a) shows a logarithmic mfinity.  The
advantage gained by use of eqlmtlon (50a) instead
ol equation (50b) fOI"..)‘.I‘/('SlJ‘ 3is small but not neg-

578883—61—3

—mr l:l -+-1r (i,;>]+ mr In

M2 (v 1)(‘ AP —321n (20/c) :I\
4\[° (‘y+1 “mir? +H)(l ~41‘“"('“' J

(50b)
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e e e o
\ - — Fq. 150
7:03 ! g a7

Fxperiment, ref. 9

\

ST N - T8 o
2x
Fraore 17.---Theoretieal and  experimental  differences
between the pressares at W =1 on a thin elliptie cone-
evlinder (12 and 7 -0.03), and on its equivalent,
cireular conc-exvlinder (8 7°),

ligible, amounting to one fourth of the difference
between equation (50a) and equation (47) at
2u/e=1/10 for this wing. Tt can be seen {rom the
equations that decreasing the thickness ratio of
the wing results in extending larther forward the
region of agreement.  This is illustrated in figure
18 which shows theoretical results for o wing of the
same plan form but of one third the thickness
ratio.

‘OB ’f' T Tt T - [' T T
T:.01 ( b Eq 150)
m=5 ‘ R Fq 47
-.04
Co ~Cog

o) 2 a4 6 8 10

N
i

Frauer  18.~-Theoretieal differences between the pres-
sures at M =1 on a thin clliptic cone-cvlinder (L1 -2
and 7=0.01), and on its equivalent circular cone-
evlinder (0--14.05°).

The pressure drag, 1y, of the thin elliptic cone
wing at M _ =1, obtained by integrating over the
plan form the product of pressure coeflicient given
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by equation (46) and surface slope derived from
equation (43), can be expressed as follows:

o/
W an

])n':l)c‘{‘pm.() - ll 207

4%

1) oo (€N (rHDCemdei16
=D, g, mm*r* ;) e

da iy

)
&

- (y+ D mir .
{4111 [—4» "m ]} G1)

where 12, 1s the contribution to the drag that
results from the finite radius of curvature of the
leading edge.  In reference 11 an expression is
given for the difference in drag between the thin
elliptic cone wing and the equivalent body of
revolution

2
, w [ CN m .
Dy~ DD, — g ( k;) (14 ) (52)
The corresponding equation in the present ap-
proximation is

VLAY 7
Dy—Dy D.—q,mm*r (_)) (»ln (;47)

—l-—]ll 27—111 I:W + 1)‘!"”“le v(,w+lu"¢'.’m‘1s‘ll'>
- ) 16

P {(y-+ D" mis A
{ — l:_ T ]} ) (53)

10 w7 is very small, this can be approximated as
follows:

Dy—Dyp=~D. —q.mms? (‘) )(1”4 In ;"T) (54)

Figure 19 shows (D, —Dp— D0 /g (¢/2)* plotied
against mf7 for mr—=0.015. Note that the curve
computed by use of equation (52) and that com-
puted by use of equation (33) differ by very
nearly o constant amount as should be expected
from comparison of equation (54) with equation
(321, Tt is possible that some of the difference
noted in figure 19 may have a counterpart ina
difference in 1), as awrrived at by the two approxi-
mations. In relerence 11, D), is evaluated as in
linear theory and is equal to wg m?*r*(¢/2)?. The
value of 2, appropriate to the present approxi-

mation has not been determined.  The curves in
figure 19 are terminated at the left in accordance

m-r
10 20 40 60 80

| 1

D
2]
o]

[/
7

- Eq 52}
| ~— Eq (53]
i

i

I

P

i -
I o ;

| \\ \ {

1 1

|
-004 . 075 ‘7]“ T

Equivalent body of revoiution

g - 1225 701875
- \ . i |
| DgrO0SIT Lo L

Fravre 19, Variation with plan form and thickness ratio
of the pressure drag, not ineluding cdge effeets, for ellip-
tie coe-evlinder wings that all have the =ame equivalent
body of revolution.

08— -

At the other
end, the curves are terminated beeause they were
computed for fixed wir and the assumptions made
in arriving at either equation (52) or equation
(53) require the aspeet ratio ol the wing to be
smiall.

with the assumption of a thin wing.

NUMERICAL SOLUTIONS FOR RECTANGULAR
WINGS

For a rectangular wing with no spanwise varia-
tion of Z equation (10) becomes

WTHLT/-MQ
_ 1o Tz, (Fee wTB
- i —— . ¢
" + gm 27 07 )z_:’:('un-t JU llf (,S J - ':l 77?’: ([Tl
) 77'\4_/—m"
. 1 ey L) d e =g ‘=
T J~?| n .Ju dE  dt T & G)

Integration by parts lollowed by the substitution
ol & now variable for the exponent of ¢ results in
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L R/ (S ZAVES 7]
At 2”{ (/7“ (\u f),: “ (A\/;>+\“”( \/):l

2 (T (-
+\ﬁj A€ \NF—¢ )l:

where

)

2 T 2
S ‘;J e iy,
VT 0

APPLICATION TO WEDGE PROFILE

Consider a rectangular wing of wedge profile
for which the plan form and the ordinates of the
surface are defined as follows:

(@) =81, () ==,
Zit=r and d(Z/H)dF=1  for 0<r<1/2 (57)
Zit=12and d(ZHd7=0  for 1/2<r

Thus the wing has a shoulder at Fe=112,
tution in equation (56) vields

1 T .<.:~,+ﬁ /ﬁ)
U+, =— e ; o
: LAWET [‘) “ 2 V7
_|_.\7; el :-' Tl /ﬁz =~
2 (]!( 2 ~\ ;>] (-)r\)

where the sonie point is assumed {o occeur at
- 1/2.
j

Substi-

It Tollows that for a finite value of ¥ the two-
dimensional result given in equation (15) is ob-
tained if ¥ =5,—. [t also follows that the
result for the 11}) of a semi-infinite wing, given in
equation (19), is obtained if Y=5,=0 and ¥ Ny oo,
Furthermore, for low aspect. ratio the
approaches that given in equation (27).

For other cases a numerieal solutl(m Is required
and it is convenient for the purposes of caleulation
to make the following substitutions:

result

wt YVi= (k)2
Let L=(i'/R)¥* so that 7’ =/:T (59)
Lot Wi=erf (Y,L), (=12

Vo= (T2

thus

AW dT=(2/\m)Y (6= O3 (A L] dT)

s'1+1/ 1L>
r—¢

mt( "\/ v ):I{/g} (56)

Equation {(58) thus becomes

Ut =—Wi4 )27 Ly (650)
From this ean be obtained a differential equation
for L. in a form suitable for conventional methods

of numerical solution

Al 7 \r(’\rl, U=

A7 (W) — 2L Ve 0

O
(61)

This is to be integrated forward from the shoulder
where 7=Y and 74 £, =0. However, at that
point L=, so an analytic start is requived.
This ¢an be obtained from equation (60) on the
assumption that W=z, near 7=%.  Equa-
tion (60) can thus be integrated to give a result

usable very near F=1:

m,gﬁ_:[iﬁ? '4;” In (27) ]m (62)

This equation combined with equation (60) en-
ibles caleulation of Lnear 7= 1 for use in equation
(61).

For the purpose of machine computing, the
seni-infinite wing is made into a special ease of the
preceding by letting Y,=1000 and letting 5,=0
so that ¥, =%, ’//1()()() This has the effeet of
making Hgfl and Yoem 270 thus simplifving
the equation hut permitting the problem to be
solved in the same wayv as belore.

Preliminary caleulations of 74, were made
by the method of isoclines for the {two eases shown
in figures 20 and 21, Equation (58) was used,
together with the analytic start given by equation
(62).  The method of isoclines is very useful for
obtaining qualitative information on the nature
of the solution and is, morcover, entirely practical
for obtaining quantitative results provided that
only a limited number of cases is required.  As
cun be seen from either the equation or the figures,
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Frovne 200 UWusteation of geaphicad technique for solu-
tion of equation (58) for one station on a semi-infinite
wing having a wedge profile.
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Froore 21 Husteation of geaphical technique for solu-
tion of equation (58) for one station on a wing of finite
span having a reetangular plan form and a wedge profile.

the relation between 7 and 7/, namely 0u/0% >0,
is such that when the integration is earried for-
ward from the shoulder a small error at one point
leads to a smaller error at a more forward point,
the error decreasing as the integration progresses.
The resulting curves are the sume to three signifi-
-ant figures as those calculated for the same cases
by use of the cleetronic computing mmachines,
Pressure  distributions  at  various  spanwise
positions on a semi-infinite wing and on finite-span
wings of several different aspect ratios were cal-
culated on the electronic computing machines for
rectangular wings having wedge profiles.  The
results are listed in tables T and IT and illustrated
in figures 22 through 24, The asyimptotic values
for large and small aspect ratios are shown on the

L | N S SO S

Fraure 22, -Pressure distributions at various distanees
from the tip of @ semi-infinite wing having a wedge

profile.

figures where appropriate. It ean beseen that the
agreement is very good at both limits. Notice
that Cie ertors introduced in the low-aspeet-ratio
approdimation by the not-so-slender regions of
leading: edge and shoulder are limited to the im-
mediare neighborhiood of these regions and that
the eror at the shoulder is purticularly small in
extent.

APPLICATION TO CIRCULAR-ARC PROFILL

Consider a rectangular wing ol cireular-are
profile for which the plan form and the ordinates of
the surface arve defined by

R T

Zjt= 27T

52 (T) =%,
(63)

d(ZiDjdr=2(1—27), A2 dizoyv=2 ‘

LN =—4 J

Subst tution in equation (56) followed by an in-
tegraton by parts yields

’- -

O
)G T o
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Fravre 23 Pressure distributions for finite-span wings of various aspect ratios having reetangular plan forms and
wedge profiles.
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A=382 /
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Firauvre 24 —Pressure dixiributions for finite-span wings of three difterent aspect ratios having rectangular plan forms
and wedge profiles; =0.06, M _-—1.
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This is a case for which the necessary initial con-
dition is to be determined by the requirement of
analyticity.  For a finite value of % and lor 7=
S=o the two-dimensional result given in equa-
tion (17) is obtuined and F,=z*=Y4. I H=5=0
and =0 the result given in equation (19) is
obtained and again 7,=7*=1%.  Furthermore, for
low-aspect-ratio wings the result given in equation
(47) 1s applicable.

L

LAax(L2Pr =W —W)
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For other eases a numerical solution is required
and it 1s convenient to use the same substitutions
given in equation (59) with the addition of

Vi=—Ei(—YiL),  i—1,2 (65)

Equation (64) thus becomes

e = N+ 00V 60)

L TAT
Hence

BT (67)

&7 F(1—4ry7(Wi -+ W) — 2L} e~ MLy Y g = O}

Integration is to be carried forward and back from
the singular point determined as discussed in con-
nection with equations (11) and (12). This leads
to the following set of simultancous equations in
which the subscript o indieates values at the
singular point.

L= (W), W2 ) VU, () e

3 :]}‘/4_L”[)']”‘)_(““L”)J ((;N)
+ Vo0l 2 (W W)

where

Wo—ol VL), i=1,2

Thesge can be solved numerieally by iteration.

As discussed previously following equation (12),
equation (67) is indeterminate at the singular
point, Z, and in order to start a numerical inte-
gration using equation (67) it is necessary to
evaluate (dLJdT);.z =1, This can be done by
taking a derivative with respeet to r and making
use of the assumption that the next higher
derivative, L), is finite. This results in the follow-
ing quadratic equation for L):

a(L.)2 (LY +e=0 (69)

where
a=4[Y],e” Tl L Y3 o= V2l g T (T —4F )]
b= _-“77'[‘0('70)2(1 +4r,)

c=—"3mr,(L,)*

If additional derivatives are desived they can be
found by repeating this process.

For the computing machines, the semi-infinite
wing is made into a special case of the preceding
by letting Y,=1000 and ;=0 so that ¥V,=y/2<<
1000, as was done for the wedge profile. This has
the effect of muking Vi=0and V= — FKi(—73°1/4),
atd with this notation equation (66) becomes

Uti,=[@F—1) W+ D/ LTy 7] @Yy Vym) (70)

The remainder of the problem is handled in the
same way as above. However, for the purpose of
hand computations for a semi-infinite wing, equa-
tion (68) can be written in parametrie form, as
follows, by letting Y\ L=y51/2~=():

Yi=0,/2= Q7,0 (W +1)73
- (T
To=1/4—[Qe 92 \ e (W, 1)

Again as in the ecase of the wedge profile, pre-
liminary caleulations of @+£. were made by the
nmethod of isoclines. For the semi-infinite wing,
equation (64) becomes equation (700 and  the
singular point is determined by use of equation
(71). For the finite-span wing, the appropriate
equations are equation (64) or (66) and equation
(68).  The results, shown in figures 25 and 26,
Hlustrate graphically the advantages of starting
an integration at the singular point. A slight error
itroduced thereafter diminishes as the integration
progresses away [rom the singular point. It can
be seen that this behavior is inherent in equations
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Frevre 25, Hustration of graphical technique for solu-
tion of equation (64) for one station on a semi-infinite
wing having a eircular-are profile.

(64) and (70) since d7/OW’ is positive forward of
the singular point and negative behind it. That
the change in the sign of 0%/0n” at the singular
point is a property of equation (10) is shown n
equation (12) where the singular point is identified
by 0T =0.

Pressure  distributions  at
positions on a semi-infinite wing and on finite-span
wings of several different aspect ratios were
caleulated on the electronic computing machines
for rectangular wings having circular-are profiles.
The results are listed in tables TH and TV and
illustrated in figures 27 through 30, The asymp-
totic values for high aspect ratio are shown in
these figures, but in order to demonstrate the
degree of agreement for low aspect ratios the
results are shown separately in expanded form in

various  spanwise

figure 31.

For these wings it is interesting to see how the
sonic point and singular point vary with spanwise
position and with aspect ratio.  Figure 32 shows
the variation of the two with distance from the
tip for the cuse of the semi-infinite wing. The
singular point in this case was computed by use of
equation (71).  Note that at the tip and very
far from the tip 7*=7,=1% and that * and 7, also
coincide for one intermediate value of y. It can
be shown for the semi-infinite wing having
circular-are profile that this occurs at the value of
7 for which ¥*=7%*,,,,.

Figure 33 shows the variation of 7* and 7, with
spanwise station for two finite-span wings. In
one case A=4 and the curves are nearly the sume

5
4:20
y/5:8 T
2 /
- £
i
1 = %
e
T+E, -
77
c
{
L=
f
7
s
5.
A VA .
o T 2 . 4 5 6 8 !
; (SRR
It ‘ . M
“
A:20
y5:8 — //
¢ Z
17
u*f,, 1 -~ 7
7
( -1 7
4
1
» AR
/ /-
//
-
/ T
/
-3
~ 4
-
) 12 16 20 24 28

Freure 26.—Ilustration of graphical technigque for solu-
tion of equation (64) for one station on a finite-span
wing 1aving a circular-are profile, showing an expanded
seale lrawing near the singular point.

as for the semi-infinite wing. In the other case
A=0.1 and there is little variation with spanwise
station. Intermediate aspect ratios are shown
in figure 34. Tt can be scen that as the aspect
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Fravre 27.—-Pressure distributions at various distances
from the tip of a xemi-infinite wing having a eireular-are
profile.

ratio 1s decreased, both the singular point and the
sonice point move forward. At the limit of vanish-
ing aspect ratio, as In equation (39), the singular
point reaches the leading edge for all spanwise
stations.

The singular points shown for the finite-span
wings arc those found by the eleetronic computing
machines as the first step in performing the
caleulations, and they are listed in the tables of
results.  The sonie points, on the other hand,
do not appear specifically in the ealeulations and
are read from plots of €7, versus 7. In figure 34
two additional curves are shown for the sonic
point as obtained from  pressure  distributions
computed by use ol equation {417,

PRESSURE DRAG OF FINITE-SPAN RECTANGULAR

WINGS HAVING WEDGE OR CIRCULAR-ARC

PROFILES

Seclion pressure drag cocfficients were com-
puted by the electronie computing machines for
every spanwise station on the finite-span rectangu-
Lar wings for which the pressure coeflicients were
computed, and these results are listed in the
tables.  The section drag coeflicient is defined

as

=TT = 4 -
75 3 o Y ’,.'.

- M Fy+D = A -
¢ [ © ('Y_T‘ )]7 | (ol ( /,)_ dT
The integrations were carried forward to a dis-
tance of 0.0001 ¢ from the leading edge. For the

OTRNR3—61——4
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wings having eircular-are  profiles  the section
pressure drag coeflicient is given for the front
half followed by a straight section as well as for
the complete cireular are. In both of these cases,
and also for the wedge profile, 7 is based on the
full chord.

The values ol ¢; were integrated spanwise to
obtain the pressure drag coeflicients for the finite-
span wings.  The results arve plotted against
aspect ratio in figure 35 in the form of ("5 against

< where

A= (M2 (y+ D)5 4

For cach case the two-dimensional value (as
given in ref. 1), which is approached as 4 becomes
large, is mdicated at the right,  The curves in
figure 35 have the qualitative behavior that is
to be expected from past experience of the variation
of drag with aspect ratio.  (See, e.g., vel. 12))
CONCLUDING REMARKS

It has been demonstrated i this report that
the method employed heretofore to obtain ap-
proximate solutions of the transonic flow equation
for plane and axisymmetrie flow can be extended
to give reasonable results for wings of finite span,
consistent with the known properties of transonie
flows.  In this method the partial differential
cquation appropriate to the study of transonie
flow 1s replaced by a nonlinear ordinary differen-
tial equation, which can be solved by numerieal
methods.  Asymptotic forms of this differential
equation are given for very high and very low
aspeet. ratios, and analytic results are obtained
for certain speeial cases. From the asymptotic
form for low aspect ratio, analytic expressions are
derived for the pressure distribution on a nwmber
of mteresting shapes, including rectangular wings
having wedge or circular-are profiles and also
thin elliptic cone-eyhnders. For the thin elliptic
cone-cvlinders,  comparisons  are  made  with
previous theoretieal results and with experimental
data.

Numerieal results, caleulated by use of elee-
{ronie computing machines, are givien in the form
ol pressure distributions and pressure drag for two
profile shapes, wedge and civeular are, for wings

of rectangular plan form. The range of aspect
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Fraure 29.- -Pressure distributions at various distanees from the tip of o =emi-infinit + wing having a circular-are profile
7=:0.06, M _— 1.

ratios covered extends effectively from zero to
infinity and with the asymptotic
results is shown at both limits,

The present report is one of a series of studies of
flow near Mach number 1 about thin wings and
slender bodies.  These studies have been confined
to zero ineldence and, except for minor mstances,
to wings with sharp leading edges and bodies with
pointed noses, however, and the important prob-
lem of extension to the lifting case and to rounded
leading edges remains. A start on this extension
has been made by Randall, who shows in reference
13 that under certain circumstances the method
of reference 1 can be applied without modification
to determine useful results for pressure distribu-
tions on round nosed airfoil seetions at angle of
attack. In the same report, however, attention is
called to the fact that there are severe limitations
on the cases for which this direct application s
possible. [t remains to be seen how effectively
these lumitations can be overcome and to what
extent more general bodies and wings can be
analyvzed.
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Fravre 30, Pressure distributions for finite-span wings of three different aspeet ratios having rectangular plan forms
and cirenlar-are profiles; 7=0.06, M ==1.
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Fraurre 320 —~Variation of starting point, I, and sonie
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wing having circular-are profile.

- 3
\ 5 //
/, o 2
Yo
X
A:40
{a)
[Re] 8 o 4 2 OO
V263
- -—— .
4- =
—u X
’J
— | . \
() Xa
10 8 6 4 2 OO
)

Froure 33, --Spanwise variation of starting point, £, and
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Fraore 34, Spanwise variation of starting point, #,, and
sonie point, #* for a series of rectangular wings of differ-
ent asoeel ratios having cireular-are profiles.
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Fravre 35, ~Variation with aspeet ratio of the pressure
drag coeflicient for rectangular wings having wedge,
half-¢ reular-are, or circulur-are profiles.
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#3300 e32:82 s YEZHE 1401969 126276 le26%46 le42843 1845965 148956
03400 +973310 $24044 8953867 1e233%7 1e¢23760 143986273 lea42357 1s43358
#3500 s27988 #1674 007121 le204E2 le20528 le35874 1829672 1439673
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04500 e 5R%9¢Q 251904 e86A55 273937 879973 224647 90152 ¢92219 a33021 +93021
2 860C 054273 27475 52198 0292739 074964 879241 883946 ¢855272 4836042 036042
4700 $63073 #52312 156954 Y EREE 159067 172824 276562 «77622 277898 477898
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TABLE IL—CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR | AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN WINGHS HAVING WEDGIE PROFILES

(a) A -4
Gp - 2t
~/s 4000 0200 +400 4600 +800 4850 +900 0950 14000
X
040001 4402193 4402135 4501686 3499546 3492210 3488505 3482965 2472934 2453379
0005 3475074 3475007 3474489 3472037 3463515 3459194 3452678 2440771 2436290
0910 3462081 3462009 3461460 3458820 3469634 344944 2437874 3424840 2428106
40050 3427648 3427560 3426891 3423653 3412255 3406340 2497296 2480127 2406419
40100 3,10304 3410206 3409460 3405843 2492987 2486242 2475809 2455545 1495495
40200 2490768 2450657 2489807 2485671 2470785 2062837 2450329 2426026 183190
+0300 2478004 2477882 2476951 2472612 2455901 2446955 2432803 2,07693 1+75151
| «0400 2468183 2468051 2467050 2462159 2444190 2034371 2619147 1495312 1668965
40500 2460037 2459897 2458833 2453616 2034296 2423778 2408109 1186236 1+63835
0600 2452981 2452834 2451708 2046182 2425624 2016621 1499008 1179096 1459391
20700 2446692 2406537 2045353 2439527 2417872 2406596 1491363 1473180 1455431
40800 2440973 2440811 2439569 2433450 2410861 1499494 le84816 1468091 1451829
0900 2435693 2435524 2434225 2.27818 24046470 1493155 1479102 1663594 1448504
+1000 2430761 2430584 2429229 2022542 1198610 1487448 1474028 1459538 1445398
+1100 2426110 2425926 2424514 2417560 1493206 1482266 1469454 1455821 1142469
1200 2421691 2421499 2420030 2412824 1s88198 1477520 1465275 1452372 1939686
1300 2417463 2417264 2415739 2408301 1483533 1473139 1461414 1049138 1437024
41400 2413397 2413190 2411609 2403963 1479165 1669062 1457811 1466082 1034664
1500 2409467 2409252 2407617 1499789 1475056 1465242 1e54422 1443171 1431990
41600 2405652 2405430 2003743 1495759 1471170 1461639 1451209 1240382 1s29588
1700 2401935 2401705 1699570 1491860 1467478 1e58219 1048146 1037696 1627287
41800 1498301 1498062 1496284 1488076 1463955 1454955 145207 1435097 1024959
+1900 1494736 1494491 1492673 186396 1060578 le51824 1ea2374 1432570 1022715
+2000 1691229 1450977 1489127 1480810 1457328 1448807 1439630 1430105 1420507
02100 1487770 1487512 1485635 1477306 1055186 145886 1136962 1027692 1118329
22200 1084348 1084085 1482190 1473875 1481130 1e43048 134357 1425321 1416175
+2300 1480956 14806829 1478783 1470508 1448172 1540279 1431805 1422985 1414039
02600 147758% 1e77215 1475406 1s67196 1e45273 1437568 1029297 1420676 1411916
42500 1474227 1473955 1472052 1063931 lea2631 1¢34904 1426824 1418389 1409802
02600 | 1470875 1470603 1468714 1060704 1439636 1e32280 1426377 le16116 1407690
«2700 1467520 1467250 1465385 1657507 1436878 1429685 1421950 1413852 1405578
+2800 1454156 14638890 1462056 1e54332 1036169 le27111 1619536 1s11591 1403488
42900 1460775 1460513 1458720 1451170 1431439 1024552 1017127 1409327 1401327
+3000 157367 1e57113 14553¢0 1448013 1428739 1021997 1014717 1407053 499180
+3100 153927 1453681 1451994 1448851 1426042 1419441 1012299 1404765 497011
3200 L1e50442 1450207 1448587 lea1675 1423339 1016875 1409865 1402455 094814
3300 1446904 1446681 1445135 1438473 1e2062¢ 1416290 1407408 100116 492583
43400 1443301 1443092 le41628 1435235 1e1787¢ 1e11677 1404920 +97781 490310
+3500 1439621 1439627 1438052 1431943 1415096 1409027 1402391 095322 +87988
43600 1435848 1435671 1034393 1428596 le12268 1406329 +99812 +92848 +85608
3700 1431966 1431807 1430632 1625163 1409378 1203570 +97170 +90309 +83159
+3800 1027954 1427814 1426748 1621628 1006612 1400736 094853 187692 +80627
43900 1423787 1023667 1422716 1017967 140335¢ +97808 +91643 184980 +77999
44000 1619436 1619336 1418503 1416149 1400168 094767 +88720 +82155 +75254
14100 1014862 1014781 1414071 1410135 +9683¢ 491584 485660 079193 072369
+4200 1410016 1409953 1009366 1405875 $93322 88225 482429 +76061 069312
4300 1404829 1404784 1404319 1401299 $8956¢ 086643 478984 «72717 266042
+4400 499209 99180 98833 +96311 +8550¢ +80770 $75261 +69102 +62500
<4500 +93019 +93002 492765 490765 $8101¢ 176508 « 71170 065127 158599
4600 086042 486034 +85893 184431 +7593¢ + 71699 166566 460656 154203
6720 277898 +17896 «77831 476906 06993 466059 61191 455445 +49073
44800 +67814 167814 «67796 +67365 «6233¢ +58988 158514 +48999 +42720
4900 $53640 453640 453639 453560 $51117 «48724 +45007 +39930 +33791
5000 +00000 400000 +00000 + 00000 +0000¢ 00000 00000 400000 00000
Za 1475816 1675648 1676412 1268639 148061t 143160 1434260 1423661 1410781
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TABLE IL-—CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR 1 AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN WINGSR HAVING WEDGE PROFILES - Continued

(h) A4-=3
Cp - 2,
~® +000 0200 ann 600 +800 1850 1500 1950 14000
X

4401960 4201671 4400382 3696509 3488505 3484598 3478860 3468600 2453375

3474806 3674471 3e72985 3e58978 159192 3854602 2e4TR4LD 3435568 2436292

3461793 3s61426 3459848 24558522 3044943 1439978 3632600 3419099 2428108

3827298 3826850 324911 3610588 24063239 2809999 2690432 2a72328 2406418

3407912 3409412 3072489 3401275 PeBE281 2e7€944 2667786 2646173 1895493

2490322 2489754 2487281 2880420 2452835 2¢54116 2640564 2426113 1483189

2677516 2876893 2674182 2066672 2046954 2837072 2422052 1099295 1675149

2867657 2466988 2864069 2455890 2434370 2623658 2403348 le883F0C 1468963

2e5T4LTB 2458767 2955655 2646900 2423776 2812633 1e277€3 1480256 1463833

2452391 2451638 Ze48344 2639040 2214619 2403295 1489372 1673957 1459380

2446071 2445287 2641807 2931978 2406594 14955432 1682430 1468581 1055429

Ze4C3232 2639453 2635844 28255172 1899492 1888765 le765473 la639012 151827

| 225013 2e3414E 24303230 2el752¢ 1692152 l1e8282% le71308 le59725 1648502

2a2 1061 242924°F 24251€2 2el12072¢ le87445 1677543 leb6814 1455927 1045396

2425371 1 2224425 2020220 2602825 le22261 1472781 le62658 le52422 182487

220921 2419939 2415635 2403726 177517 1e68435 1e5R840 le#9152 1839684

Zaltb63 2al56b4 2ell194 lec02 l1e73125 les4426 le55291 le#6071 137022

Zel2567 2all511 2806925 le4REL 1857059 1050593 le51961 leb314¢€ 1e34462

2a0R6CE 2407515 240G23CH lsn0228 le55278 1le57186& le48812 le403250 131987
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PoelGLU 1623755 laR2%54 1697529 leTH220 le51819 1s44778 1637492 1+30077 1822712

020CC 1e50221 163300y lelnnl le71307 le&8801 lesl964 1634882 1e27699 1420504

$2100 lege73E 1485502 1e80420 le67962 1445320 1309232 1632349 1425346 ' 1418326

«22°C 1683296 1eB20ES le760F1 ! lebuél™ ! 1e43042 le35°67 129863 le22037 1616171

2238 ' 1875887 le7880E la7352¢F | 1461371 | 1e4C272 le23060C 1627420 1620747 : 114035

22400 leTHENE le7226% 1e7C042 | 1e5019¢ | le37561 1421400 le?5017 lel8487 . l1s12017

2250 1e73.42 le71911: TeHnNE : leas507 le342@P 1e?RRTY 1e22632 lel62484 , 1407798

826700 186978 1868572 la635647 ! 16520112 1e32272 : le?h3ER le20275 114013 ‘ 1407687
$2730 1e66439 | 14552641 1e60411 1448983 1429677 1423017 1017930 1411788 ;1405574 |

s2e00 1e63088 1451912 1487176 | 1e65987 1427104 1421465 1415592 1409563 | 1403454
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«33700 let6007 1045C11 1660042 © 1431145 1614282 1609167 1e03720 98243 92579
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#3370 1e33842 1e37946¢ le342722 1‘ 1e280%0 lsgo0] H leQ4001 098807 092501 +87986

+36C0 1435134 1434297 1430782 \‘ 1021990 1401484 496372 +21052 $85606

«3700 1s31324 la30548 le27242 : lel8E22 28715 ¢« 23785 ¢238537 033157

+3800 1427327 1e2667% 1423596 | $96C7C 91120 «85943 180625

03900 1e23290 1e2265 ielnAL * 003232 8282672 ¢823254 877987

«4CCO 14190726 lelBaft lal8865 220704 085492 « 20451 275253

i

06120 1614530 1416034 1411712 °  la0%020 487196 s 82494 77510 172368

04200 lena752 1e02240 la0D7301 i lanlla” aR2Q27 879308 e 76390 269312
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' 3
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TABLE [I. CHORDWISE PRESSURI DISTRIBUTIONS FOR MACH NUMBERS NEAR | AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN WINGS HAVING WEDGE PROFILES Continued

() A=2
Tp - 26,
= /s 4000 #200 2400 4600 +800 4850 4900 4950 14000
040001 3499648 3498936 3496625 3492082 3482895 3478821 3472887 3462288 2453280
40005 1472156 3471329 3468650 3463366 3452604 3447792 3440715 3427915 2436177
.0010 3458948 3458058 3455177 3449473 3637796 3432532 3424778 3410602 2427984
40050 3.23812 3422717 3419150 3412054 2497193 2490342 2080044 2460468 2406270
$0100 3.06018 3404791 3400795 2092758 2475689 2467680 2455445 2432398 1495329
20200 2.85872 2484467 2479863 2470517 2450184 2440433 2425896 2404530 1483002
40300 2472635 2471087 2466006 2255601 2032634 24021924 2407531 1490548 1e74944
10490 24624600 2460727 2455222 2463860 2018954 2008163 1495119 1e21348 168743
aC500 253873 2052085 2446183 2233937 2407889 1497570 1486016 1474380 1063599
4060C 2446455 2464556 2438273 2025226 1498759 14891321 1478351 1068684 1659142
$S700 2439815 2437809 2431161 2017453 1491086 le82171 1472911 1463807 1455169
+0800 2433750 2031640 2426630 2410410 1aB4510 1876250 1467801 1459501 1451555
20900 2428127 2025915 2418614 2403985 1478768 1671080 1063283 1455614 le48217
+100¢C 2422853 220546 2212972 14980E3 1273666 1466470 1459207 1452046 1145099
+1100 Z417861 2415467 2407665 1a02646 1059064 1462291 1455470 1448730 14642157
$1220 2413102 2410633 2402648 1837597 1464857 1453449 1452001 1445615 1439362
$1300 2478539 24256005 1497387 1422890 1460567 1e54377 1448748 1442665 1436687
01400 2406145 24015653 1493352 1e784782 1057326 le51522 1445572 1s39852 1e34114
s1500 1499859 1a97283 1489019 1474222 1453910 1443350 let27642 1637152 1931626
s1620 1495784 1a93164 la84852 1470389 1450678 1245327 1439933 1434547 1s29211
s1700 la71767 1489134 1e00a78 1e66647 1047585 1062629 1237227 1432024 1026857
$1800 1487895 1s85241 1477034 1462075 legn518 1439637 1434505 1429569 1824556
$1900 1434101 1e8145% 1a723322 1459547 1e41756 1826925 1432067 1e27172 1022299
$2000 1480396 1677765 1469727 1456367 1438985 1426305 1429578 le24824 1420079
$2100 1476772 le74l6% 1066238 1436290 1431748 1027147 1422517 1417890
$2200 le7322¢ 1470642 1a62845 1223661 1429241 1624759 1420244 1015726
ERE Le65 744 1457204 1459537 1021086 1926781 1422609 1418000 1613582
22470 1466328 1463928 1455305 . 1a28550 1424358 1420089 1415778 1411453
8280 1462970 14620514 1953141 © 1426070 1421967 1017793 1a12573 1409334
82679 1453663 1457254 1450037 le22612 1419600 1415515 1s11379 1407222
$2700 1a26402 1e24043 lel5998 1e21175 1617252 1913249 1409193 1905111
$2800 1453180 1450373 1443977 1418763 1014916 1410990 1407008 1402996
$2900 1e49991 1a47727 1041004 ;|  le30192 1016359 1412587 1408733 1404819 1400873
e3000 le46327 Le44529 le2s0ed | 1427502 1413955 1610257 1406471 1402622 +98737
$3100 la43670 let15132 1435134 1e26825 1411558 1407922 1406198 1400409 496583
83200 Lat40540 1428457 1e32220 1422153 1409147 1405573 1401909 498177 254404
$3200 1237398 1433375 1429305 1419475 1406720 1403204 299595 495916 +92195
23400 le34242 1822281 1426330 1426783 1406267 | 1400807 097250 093621 089947
43520 1421258 1429160 1e23432 141406¢ 1401781 | 408372 204865 +91283 487652
#3600 1427328 1425998 1e204%6 1411311 239267 | 475890 192430 488891 +85304
43700 1424537 122775 1227406 1408504 196650 +93348 +89932 +86435 082887
43800 1421157 1619470 1e14292 1405627 +92998 090732 087359 483901 180390
+3909 1017662 1416054 1411080 1402661 $91247 288026 084693 +81273 77796
44008 1e14215 112492 1407739 299581 438385 +85205 481915 478530 175087
$5109 1410170 1408743 1e04231 296356 185387 482254 176990 + 75648 072236
© ek200 1406069 1404749 1400507 +92940 182216 279127 875911 $ 72594 $69212
| 64300 1401632 1400632 $26498 $39284 $ 77827 275785 +72600 4691225 165971
{44400 V96749 295688 02112 285309 +75155 172165 169030 465779 162454
s450C 031262 +90360 $27207 480501 +71107 +68174 +65085 161870 458574
04629 $84922 484206 481552 $75877 066535 162672 160636 257460 +54191
04700 W7731% 276811 $ 76736 169917 +61181 +58408 +55439 $52307 149069
243800 $67614 267342 166068 +52335 #546512 +51872 s48998 445925 V62720
24900 053621 253560 +53124 $51113 445007 1562629 +39930 236955 133791
#5000 +00000 A 00000 ¢ 00000 « 00000 s 00000 [Yalakelols] s 00000 + 00000 s 00000
24 14658408 1066517 1460563 1449930 1433809 1428790 1423314 1417302 1410499
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TABLE IL—CHORDWISE PRESSURE DISTRIBUTIONS FOR MACIH NUMBERS NEAR 1 AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN WINGS HAVING WEDGE PROFILES —Continued

((l) A=1
Cp - 26,
A
= yrs $ 000 +200 4400 1600 « 800 4850 1900 1950 14000
0eCCOL 3489159 3288407 3465860 3481088 3471463 3567140 2460932 3449665 2449900
+00C5 3459970 3459041 3456104 3450431 3438960 3433805 3426201 3412201 2432272
+0010 3445739 3044793 3441604 3435426 3422845 3017164 3408691 2493039 2523787
$C0590 3407424 3006148 3402039 24946122 2477435 206963¢ 2457739 2435478 2401107
2487481 2486021 2431356 2972112 2452300 2042856 2428870 2408842 1289546
2464305 2462575 2457012 2445819 2021762 Ze1154¢ 1499493 1e87211 1476366
2448611 2446655 2480325 2227538 2402338 1993508 1484355 1475600 1467643
2e36144 243397¢ 2226735¢ 2013082 1488883 la8153% 1474243 1467302 1060856
2425453 2423121 2415553 2401172 1278R11 la72587 1466489 le80659 1855167
i 2013460 2405525 1401137 1670751 1465351 1460077 1455009 1450188
| 2404664 la2555¢ 182513 1453767 1459191 1454525 1450021 1445705
1496544 183437 1974957 1458045 1453759 1449567 1445502 1441587
1e9l641 1486981 legidl2 1063215 1452740 le43851 1445041 la61336 1437750
1484510 181872 le7aj64 1462103 1e47831 1444336 1e40347 1037443 1834136
1477766 Le75228 1467877 le56762 1443295 1440127 1426015 1433770 1420705
1471372 le63320 le618438 165128 1439167 14235173 1433100 1430783 1e27431
1a653C5 1262954 le55278 lesb4ll 1425225 1432423 1229669 1426954 1424293
157541 1457213 181221 1941829 1431463 la28%66 1426297 1023765 1421278
le5%360 le21961 le40083 1437501 1227881 le366s 1423067 1420702 1118362
W 1620 Let8o45 Le46374 1a41346 1433387 1824460 1422206 1019970 1417754 1415563
TPY SF 1443889 le42040 1436883 1229496 le21185 1419083 1416990 ; lsl4912 1412852
o183 1639171 1437443 1032640 1225780 1¢18045 1915081 1a14120 1412168 1010228
$1530 1434675 1433069 1a2360% le22234 1415030 1a13192 le11352 1409517 1407687
s200 1430402 1428903 le24759 1e1834€ le12131 lel10400 1en2582 1405953 1805225
| la26330 le26940 1421093 1e15604 1409341 1407726 1406102 1406472 1402838
1422451 ie2l162 1417597 1212501 106654 1405138 1403602 1402069 1400521
1418755 1417561 1414258 1409527 1404064 1402639 1401197 $29741 98272
1a15232 | lelél2e 1s11969 1206676 101567 1s0022¢ 298263 97483 196077
lell878 1410853 La02021 1403940 39156 | 407250 176602 | 435273 1939566
82650 le28672 1407727 1401313 196823 475633 194612 | 493166 +91898
22702 le25616 1404743 $28785 196578 $93447 202287 | as1100 289886
s2800 1402720 1.71893 $26364 192403 91329 . 90224 37089 +87925
22900 099516 +97170 $34030 490297 089275 488220 $87132 1 486011
#3000 «97256 296567 191785 +88256 12728] 126270 $25223 1 a84141
#3120 54714 094077 185622 +86277 085242 024270 a93352 | 482209
$3220 +92283 +91694 +27537 084354 +83455 222516 281536 {80512
#3300 $89958 89412 +85525 +82483 81814 $20701 079744 178744
I J3u00 W67733 $87227 +33580 020657 $79812 1 478220 «77982 + 76998
#3570 $856C1 +85132 081698 078871 $78042 0 477167 076241 175268
#3600 $83559 +83123 279872 77116 +76300 +75433 +74513 +73545
#3700 +81600 431193 +78095 +75385 874573 73707 +72788 171817
+3800 279719 479338 + 76357 $73665 +72850 071979 +71052 470073
039C2 $77911 277551 ¢ 76479 274649 271942 71116 070232 +69291 168295
+400C 276169 175826 074783 +72955 170197 269352 | 468446 . 467482 166462
$4100 274485 276151 $73117 +71255 168406 167532 166595 165598 164546
+4200 + 72846 $72513 +71459 069519 166534 165620 164642 163604 0562511
+43C0 071231 +70386 69774 067706 266533 063567 $62538 161448 160305
$44C0 469601 059226 $68008 465748 162331 +561302 160209 +59057 157854
14500 267879 067650 166062 +63560 159820 +58715 457548 456324 455052
84600 065903 +65387 163759 460903 156825 155634 154383 +53078 051729
+4700 +63308 62676 $60751 +57513 +53045 451759 150417 249025 047594
14800 +59186 058451 256265 +52694 047869 046694 465064 143586 442075
24900 250767 #50115 042091 244506 +39701 428279 136793 035254 023681
45000 $20C00 $20000 « 00200 100000 $ 00000 $00000 +00000 400000 100000
o4 1430411 1429154 1e25450 1919415 1411103 1408643 1406015 1403182 1400019
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TABLE 11— CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR I AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN WINGS HAVING WEDGE PROFILES —Continued

(¢) A==0.4
Cp - 28,
~_Y/s 4000 0200 1400 +600 +800 +850 +900 0950 14000
X
040001 3473098 3472274 3669531 3464244 3453705 3448955 3042025 3429461 2440238
+0005 3440980 3039946 3436664 3430299 3417305 3411403 3002625 2486295 2420999
20010 3425067 3423928 3420310 3413255 2498704 2492020 2481976 2462910 2411567
20050 2480433 2478900 2,.73987 20664212 2443092 2433119 2419110 2401699 1485626
40100 2455907 2454062 2.48107 2436068 2411092 2401488 1491040 1480889 1471818
40200 2425483 2e23122 2415553 2401175 1478836 1472633 1066564 1460775 1655340
+0300 2403175 2400529 1492402 1473626 1460954 1856459 1452077 1487852 1e43810
+0400 184510 1481892 la 74165 1262105 1e47938 1444409 1040957 1437606 1434369
$C5CC 1468300 1465902 1459026 1448814 1437237 1034363 1931543 1428789 1626112
40630 1454061 1451961 1446054 1337510 1827945 1425568 1423223 1220923 1418676
+070C 1441501 1439713 1834736 1427628 1415682 1617693 1615725 1412787 1411885
eC80C 1430403 1428905 1426760 1e18861 141223 1410563 14089072 1407261 1405644
#0900 1420581 1219340 1s15910 1511020 1405475 1404069 1602664 1401270 499891
«1600 1411875 1410853 1408025 1402970 +99327 «98135 096944 $95756 94577
#1100 1604162 1403303 1400573 497608 +9371C +92701 +91688 +90675 « 89666
«1260 197257 296568 094649 021852 +8ESTZ 087716 1B6ESS +85988 «85123
#1300 491109 +30564 +88960 236671 +3386¢ 283138 182402 081661 +80918
+1400 +856C5 +85140 483829 s31885 +7954¢ 178928 +78299 077663 $77024
+1500 +80660 +80276 +79189 277560 +7558¢ 475051 $74512 173966 073415
116CC 076204 +75885 274980 $ 71932 $ 71477 +71015 + 70545 +70069
$1702 $ 72174 #7159072 e 71152 +3856¢ 265177 167780 +57374 466963
+1800 s6E519 058297 867662 065460 065127 64785 064434 054077
$19230 065152 «65006 164470 062592 462304 162007 +61704 161394
$2600 662155 61978 +61564 05993¢ 159686 159429 +59165 +58896
02100 259373 459240 $55854 158249 $5747: +57255 $57032 +56802 056567
02200 +56818 456705 +56375 955855 $5518: $54994 *54800 154599 054394
02300 254465 154368 056085 653637 +5305; +52889 ¢52719 252543 52363
22402 252292 452209 $51965 +5157 $5106™ +50924 +50775 +50622 050463
¢2500 +50280 +50208 + 49996 s 49659 04921 049039 248958 +48823 14B683
42600 848412 o4B349 05431066 «47871 s 47482 247371 247256 +47137 47014
s272C 046674 4661° asE4EQ 056202 s4585¢ 045762 145660 245555 145445
#2800 ! 45053 24530¢ 2 44LRLE e LUESS s 44337 e44251 s44161 s k4067 043970
»290C 243538 2434707 043372 243174 042907 242832 042751 42668 042581
03332 o42122 042004 51975 24 179G e4156: 041494 041422 041269 241272
¢3130 «u0700 052757 s 40651 240505 24029 040236 « 40170 +40104 240035
+32CC 43553¢% 035511 035425 s 20225 037205¢ 039044 +38987 238928 038867
#333C #38362 238336 238260 «3813% +3796! 037920 »378692 237816 037761
+3400 237252 037229 +37161 $37050 #3589 | 4356856 436810 +36762 236713
#3550 2362C3 +36183 036122 $36022 225897 ¢35848 »35806 +35763 235719
43600 $35211 $35193 ¢3513¢ 625048 03492: +34891 ¢34854 +34815 034775
$3700 034271 +34255 434203 +36125 +3401% +33983 ¢33949 +33914 ¢33877
#3800 +33380 +33365 $33320 +33248 13314 +33119 +33038 +33056 $33023
+3900 +32533 $32520 432479 232612 v3232 032297 +32269 $32240 +32210
s4000 +31728 e3171¢ 031679 s3161° $3153° 031513 « 31488 031461 +31434
04120 230961 +30950 +30917 +30862 43078 " 130766 +30743 030719 +30693
04200 «32230 $30220 +30190 430140 +3007: $30052 030031 +30009 29986
04300 $29533 029524 $29496 $29452 ¢2938 129370 129351 +29331 +29310
«4400 028867 428858 +28833 $28792 «2873. +28718 +28700 +28682 028662
«4500 $28232 028222 $28199 128161 $2810 +28092 +28077 +28060 «28042
44600 227620 $27613 227592 +27557 +2750 +27495 227480 127464 027448
24736 +27036 $27030 $27010 +26978 126935 025920 +26906 +26891 +26875
+4800 026476 $26470 +26452 026422 02637 +26363 026386 ¢26325 426300
24900 +25938 $25933 025913 025850 +25695 025623 +25533 $25425 125298
#5000 $0C0C0 +00000 400000 200000 +0000 ! +00000 +00000 +00000 400000
<a 275587 475075 $73594 271211 067997 167055 466057 +84991 063804




PRESSURE DISTRIBUTIONS ON WINGS OF FINITE SPAN FOR MACH NUMBERS NEAR

1 35

TABLE 1. CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NFKAR 1 AT VARIOUSR
SPANWISE STATIONS ON FINITE-SPAN WINGS HAVING WEDGE PROFILES—Continued
6 A=-0.3
Cp - 26,

~J/s 2000 2200 +400 +600 +800 +850 +900 +950 14000

X
040001 3467782 3466891 3464075 3458637 3447745 3442839 3435656 3422570 2437038
40005 3434572 3433483 3430079 3423464 3209856 3403658 2494406 2477054 2617191
40010 3417982 3416790 3413003 3405605 2490258 2482163 2472445 2451952 2607394
«0050 2470791 2069185 2463859 2453272 2430312 2019981 2406873 1092642 1480151
+0100 2444193 2442164 2435595 2422382 1497372 1489034 1480678 1472682 1465375
40200 241013 2407514 1499443 1485258 1a66151 1s61205 1656387 1451756 1667347
+0300 1484510 1481892 1474165 1462108 1447938 1044409 1040957 1437606 1634369
+0400 1663351 1461048 1454693 le44861 1434009 1931314 128665 1426075 1423554
+0500 1445515 1e43624 1438347 1430786 1422340 1420229 1618143 1416093 1814084
+0600 1630403 1428905 1e24760 lal8861 lal2235 1e10562 1le089072 le07262 1s05645
20700 1417562 1416399 la13162 14058587 103368 1402032 1400703 299381 198073
20620 1406619 1405722 14032238 $5065¢ 195527 $94460 +93391 +92323 91261
+ 0920 837257 036568 224649 e91852 ¢8E85732 ¢37716 ¢ 36854 «85988 +85123
#1000 185208 483673 #87192 +86999 +82385 1581695 $50997 180292 479586
+1100 82251 a81842 ¢800683 276886 076308 275741 275167 e T4588
+1200 W 76204 2755853 +71930 71477 $ 71015 270545 170069
$130C $7C916 70667 267504 167134 166756 466370 265978
41400 066267 266070 1563524 063221 162910 +62592 062267
#1500 062155 261958 259925 259886 059429 250165 ¢ 58895
$1650 256498 258372 +56680 e56482 +56270 056051 +55826
+17C0 $55229 e55127 $53745 ¢53574 +53397 452212 +52025
«1805 452292 252205 +51067 +50924 150775 450622 450463
#1950 043642 049573 248624 s 48504 s 48379 «48249 s48118
$20CC 47239 s6T183 146288 146287 246181 246071 045957
«2106 245C33 «450C06 844865 284539 +44337 04425 046161 ¢44067 243970
02220 243055 «43016 042897 042705 526609 042376 042299 42219 42138
#2320 41224 41192 W 41090 040927 + 40708 40666 04058¢C e40511 24C4H40
«24C0 #39539 «29511 035425 029292 «3°9093 139044 $28997 238928 +28867
$2500 437985 137960 +37287 +37767 +37605 137550 $37510 +37458 037405
22600 226546 V26652 +26350 136218 76172 +36135 +36091 236048
02700 i «35211 e2%133 235042 ¢34925 34891 0248584 $34815 034775
42800 $33969 233205 $23827 $33721 433690 $33657 133623 ¢33588
22960 3281¢C e3275% 2687 8325%3 e325¢6 «3252¢ $325082 032478
#3880 «31728 « 31870 s 21619 $31537 021513 s 31488 031461 031434
e3120 +30714 432703 +30671 130618 130545 130524 +30502 +30478 030454
+320C 129762 $29752 029724 429577 $29613 129594 129574 +29553 029532
+33C0 .28867 | .288%8 +28833 $28792 025734 128712 128700 +28682 228662
+3400 028023 028C16 $27994 027987 227506 027891 227875 «27858 027841
+3500 027228 027221 027201 027168 227123 227109 027095 «27080 ¢ 27065
+3600 026476 02647C 226452 126423 +26382 $26370 126357 226344 26330
#3700 025764 225755 $25743 +25716 +25679 225669 $25657 025645 025633
#3800 025050 02598 $25070 +2506%2 +25013 425007 1249932 026982 024971
$350C | 024449 024445 224432 224610 224380 024371 026362 024352 24342
$400C | $23841 +23837 123825 123805 $23778 023770 023762 023753 023744

i

weico | 023262 023258 | 23247 +23229 023205 123197 23190 023182 23173
44200 $22710 7 622707 1 22697 +22681 +22658 +22651 022644 «22637 122629
24300 +22183 022181 } 422172 022157 222135 122130 022124 022117 222110
+4400 $21601 221673 +21679 221657 +2163¢8 121632 +21626 021620 $21614
+4500 $212C1 021198 $21191 21178 $21161 $21156 «21151 +21145 21139
14600 $20741 020739 +20732 $20721 420705 +20700 020695 +20690 +20685
14700 +20301 020299 020293 220232 +20268 +20263 ¢20259 +20254 120249
+4800 +19879 119877 +19871 $19862 +19848 119844 019840 «19836 «19831
44900 +19474 119473 119467 119458 019445 119441 019436 +19430 019423
45000 +000C0 +00000 +00000 100000 400000 400000 400000 +00000 + 00000

g +62182 161803 +60689 +58898 156492 155790 1550644 +56282 153355
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TABLE IL—CHORDWISE PRESSURE DISTRIBUTIONS FGR MACH NUMBERS NEAR 1 AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN WINGS HAVING WEDGE PROFILES  Coneluded

(g) A=0.2
Cp - 2i
T y/s +C00 0200 «400 +600 «80€ +850 +900 4950 14000
3459995 3459028 3456110 3450424 14389¢8 3433800 3426216 3412323 2432268
3425068 3423928 3420310 3413255 24987C4 2492020 2481976 2462910 2411568
3.07423 1,06147 3402088 2494122 207745 2169651 2257763 2035522 2401210
2455907 2454062 2448107 2036068 2411092 2401488 1191040 1480889 1+71817
2425484 2023122 2415553 2401175 1478859 1472623 1466564 1460775 1455340
184510 1481892 1474165 1462108 1667958 1444409 1440957 1437606 1634369
1454061 1451951 1466054 1237510 1427969 1425568 1423223 1420923 1418676
1430403 1428907 1424750 1218861 1412235 1410563 1408903 1407261 1405644
1411875 lel:in53 1403025 1403970 +99327 +98135 +96944 695756 094577
097257 W G6E68 034649 $51852 +88573 287716 286854 +85988 085123
+856CH 085140 +838720 181885 179568 + 78928 278299 277663 $77024
76204 $75885 274980 $73612 ' aT1910 271477 «71015 270545 +70069
+68519 265297 ! 67662 66686 265442 265127 2664785 264434 064077
+62155 W61998 | e61544 020837 $599725 159686 159429 459165 058896
256318 1 43670% 056375 455855 | 455122 156996 154800 154599 +54394
052292 252229 «51965 +51576 | 051067 250924 250776 +50622 050463
| 43303 24816E€ 247871 : 047422 s 47372 47256 47137 47014
! | a430C8 | 2 44BHS 44629 ) 54317 844257 044161 s+ 44057 +43970
] i 242724 261975 241799 | 241552 041494 e41423 +41349 41272
I e39511 439425 +39285 239058 +39044 138987 438928 +38867
1 037229 i 237161 237050 236879 ¢ 35856 36810 236752 436713
' 435192 | k35178 +15049 234926 034891 134854 434815 434775
i 033365 +33320 $33248 a331%8 $3311% 033088 +33058 433023
| | I 431716 431579 +31619 131527 031513 +31488 031461 +31434
: } 232130 430160 +300°2 +30052 +30021 430009 . 29986
! 020833 e28792 028754 229718 +28700 228682 228662 i
; 827572 $27557 «27519 27495 : ¢27480 027454 027448 |
i 2265407 | 2264272 €263 2 22527 i 126357 026344 126330
225402 025277 02532 025232 ! «25321 225310 025298 ’
22027 PRARGE A o2 824410 024220 } 024371 024362 824752 ! 026342 1
L2700 $23548 2 W22510 227448 $23490 023472 423454 | 423455
1 #2823 22710 a2 822601 | 022658 022651 022644 022637 022629
$2GC7 e219273 s 021904 s+ 21884 021878 221872 0218566 +21859
i e300 $22201 .2 Le21178 01151 $21156 $21151 1 a21185 $21129
; |
bL3100 : $20519 220517 $20510 020492 120484 . 220479 020475 020470 020465
! #3238 213879 019877 17871 ; $19862 i 17843 215844 219840 019836 019831
0330C ' 819278 : 015277 ) 01927 i 2192563 i 102451 | 219247 219244 ' e 19240 19236
23400 W18712 i W1E8711 «1877%26 s 18697 010679 i s 18685 218682 + 18678 | 218675
435.3 418179 ‘ W18177 $13173 | 618157 $18157 | 218154 218151 118168 +18145
H |
$36.0 17675 1 417674 17670 017655 | 17653 217650 s176647 +17645
$3700 e17198 $17197 417192 $17130 417178 117176 217172 017171
+38C°C s167406 e15T4H 5 156742 e16730 | 016728 | s 16726 216724 16722
#3900 «15317 . 01631A s15314 +163)2 : 216301 «1629° e16297 I 016295
! #4200 e15912 +15900 015907 P 015827 ¢15895 » 15894 +15892 »15890
$3100 $15522 $15522 215519 $1551¢ $15511 115509 $15507 415506 415504
4200 +15153 +15153 $ 15150 a15147 15142 015141 +15140 115138 $15137
+433C 414851 +14801 14759 16796 W16771 014790 +14789 +14787 $14786
2448C 214465 sl4455 e 14463 e16460C s14436 ¢ 14455 014454 s 14452 014451
24500 s14146 W16164 e16142 16139 16136 $ 14135 16138 $14132 $16131
+4600 $13837 +13836 213835 013822 +13829 +132828 113827 113826 113825
+47C0 +13543 413542 113541 +13539 +13536 413535 $13534 +13533 413532
46800 +13261 $13260 +13259 +12257 012254 113253 112253 +12252 +13251
24900 12990 +12990 +12989 +12987 +12584 012984 +12983 112982 +12981
+5000 +00000 +00000 »00000 400000 200C20 402000 100000 400000 400000
Za 146612 L 246362 045617 s44428 042619 242351 $41858 | 61323 160733




TABLE JIT.—CHORDWISE PRESSURE
SPANWISE STATIONS ON

PRESSURE DISTRIBUTIONS ON

WINGS OF FINITE SPAN

DISTRIBUTIONS
A SEMI-INFINITE WING HAV

FOR MACH NUMBERS NEAR 1 37

FOR MACH NUMBERS NEAR 1 AT VARIOUS
NG A CIRCULAR-ARC PROFILE

Cp - 2t,
> y 1000 +010 $025 «050 2078 +100 +125 2150 +200
X
040001 34664225 519276 5042427 5856770 5463643 5s67739 5570435 5472315 5474679
#0005 3430337 4049692 4079886 4598009 5006554 5811612 5614927 5417229 5420122
#0010 3213402 4411894 4447233 4467922 4477571 4483253 4486961 4489534 4492764
40050 2465572 2498763 3445863 3478543 3493032 4401345 4406692 4410365 4414938
40100 2439491 2454447 2486828 3025094 3444087 3454815 3461620 2466252 3571961
+0200 2,08268 2413026 2428523 2458668 2481354 2495939 3405410 2,11829 3419632
+0400 1469706 1468333 1673099 1487618 2404568 2419704 2431682 2440720 2052497
+0600 Le424a1 1438536 1439082 1646109 1455885 1468662 1079662 1489075 2402952
+0800 1420361 1414967 1413106 1415804 1422403 1620897 1439877 1448286 1462413
41000 1401358 +94950 191466 +91275 94951 1400831 1407780 1414958 1428032
#1200 +86426 oTT264 72594 170284 71792 75611 «80797 486618 98217
+1400 469008 +61259 +55655 451710 +51527 $53697 +57383 081948 +71898
+1600 254753 146519 140163 134900 +33345 +34160 ¢36571 040013 +48315
+1800 +41623 +32782 +25797 119435 116743 +16419 017738 220183 26913
42000 +28851 19861 $123327 205039 s0128C +00082 + 00454 002014 07276
+2200 216914 +07620 -400372 -,08483 ~412980 -¢15125 ~115583 ~s14811 -+10908
12400 +05518 -e04064 412451 -s2127¢ 426510 ~-42939¢% 430592 430520 -127878
+2600 ~405409 -e15211 -423987 —433448 -439338 -442892 144743 ~465313 143823
+2800 -415925 -425945 -+35054 -145087 ~451566 ~e55717 -+58164 —459317 -4558887
+3000 ~426078 ~036295 085707 -456260 ~462272 167964 -470952 -4 72635 -273193
+3200 -435907 ~e46305 -455994 -467021 -474521 -279707 ~183190 485359 -486823
+3400 ~e05444 -456009 ~e65953 ~eT77417 ~485364 451004 406942 497561 -199887
#3600 ~454716 =e65436 =~s75616 ~+8748¢ ~19584¢ -1401905 1806264 ~110929° =1012422
+3800 ~e63743 ~e74612 -485012 -497255 =1,06000 -1a12440 -14171%9 1420622 -2124492
24000 ~472558 -e83557 -e94163 ~1406756 ~1s15859 ~1422672 -1s27787 ~1431572 ~1436143
»4200 481166 -492291 ~1402089 -1¢16011 1425449 -1432602 ~1438059 ~1e42184 1447415
» 4400 -489586 -1,00830 ~1s11810 ~1425029 =1434792 -1342266 ~1348043 ~14524R9 =1458342
+4600 ~457831 ~1409187 ~1420338 -1433860 ~1443910 ~1451683 ~1457764 ~1462512 ~1468956
+4800 ~1405914 -1417377 -1428690 1442687 =1452518 -1160875 ~1e67242 ~1472275 -1:79280
+5000 -1413846 ~1425410 ~1436876 -1450933 =1¢61531 ~146985¢ -1s7649¢ -1.481801 -1489338
+5200 ~1421635 ~1433296 ~1444909 -1459214 =1470063 1878647 ~1485543 1491105 ~1499149%
#5400 ~1429291 -1461064 «1452796 ~1467337 ~1478428 =1¢872%4 1194296 ~2,00204 -2408720
+5600 -1,436822 =1448662 -1460546 -1e75314 ~148662% -14956%3 -2203057 -2409111 -2418099
#5800 1444233 ~1456157 ~1468170 1483152 ~1s94692 ~2402974 -2411572 -2417838 -2427270
06000 -1451533 ~1463537 ~1475672 -1490861 ~2402610 -2412105 ~2410918 =2426308 ~2436254
26200 ~1458726 ~1470808 -1483059 ~1498447 -2410398 ~2420096 ~2428114 ~2434800 -2445063
26400 -1,65818 -1477974 1490338 ~2405917 ~2418061 —2e27954 -2436170 ~2443054 ~2453709
06600 -1472814 ~1485042 -1497514 -2413276 ~2425606 -2435688 -2644092 =2451166 ~246219%
46800 -1479719 1492015 -2404592 -2420530 -2433040 ~2443303 -2e¢51891 2459147 ~2570543
7000 -1486536 -1498899 -2411577 -2227625 ~2440367 -24508C6 ~245%569 =24670C2 -2478749
+7200 ~1493269 2405697 ~2218472 ~2434745 ~2447594 ~2458200 -2467134 —2475737 -2486823
27400 =1,99923 -2+12413 ~2425282 20461714 -2454724 -2465494 ~2474502 ~2492359 —2694772
+7600 ~2406500 -2419050 2432010 -24485%6 2461763 ~2472650 2481946 -2489873 3402604
+ 7800 ~2413004 -2425612 -2438661 ~245539% =2468713 -2479793 ~2489202 =24572834 ~3¢10322
+8000 —-2419437 -2432102 ~2445236 -2062115 =2475579 -2486807 ~2496366 ~3404596 3417922
#8200 -2425802 -2638523 ~2451740 ~2468759 ~2482365 ~2493736 -3403440 -3411815 3425439
+8400 ~2432103 2444876 -2458174 275329 -2489073 3400534 -3410627 =3,418943 -2432848
+8600 ~2438340 -2451165 =2464542 ~2481830 2295707 -3,07352 -3417332 =3,25985 =3440163
+8800 2044517 =~2457392 -2470845 -2488261 =~3402270 -2416047 =3424159 =3,32944 -3447337
+9000 ~2450635 ~2463559 ~2477086 -2494628 =3408763 -3420666 -3430909 =3,39823 =3354526
+9200 =2456696 2469670 -2483269 -3400932 -3415190 ~3427221 ~-3437586 ~3s0£627 ~3461580
+9400 ~2462704 —2475723 ~2489393 -3407175 ~3421553 -3233704 ~3444193 -3453356 -3458553
+9600 -2468658 ~2481722 ~2495461 -3413359 =3427855 =3340124 ~3450732 -3469014 ~3475451
+9800 -2474561 ~2487670 =3401476 =3419487 -3434098 -3446482 ~3457295 ~3466604 3482274
140000 —~2480415 ~2493567 =3407439 -3425560 =3440282 -3452779 -3463615 «3472128 ~3485025 J
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TABLE 11
SPANWIR

Ca 0001
$0005
10010 |
20050 |
20100 ‘

i

26200
a0
20600
2 0BOO
21000

01200
21400
21600
2180C
22000

42200
«2400 |
02600 |
+2800 |
«3000

¢3200
«3400
43600
#3800
#4000

24200
2 44C0
+ 4600
+4800
$5CC0

45200
25400
#5600
45800
26000

«6200
«6400
#6600
46800
+7000

+7200
s 7400
27600
07800
+8CT0

«8200
#8470
8670
288030

CHORDWI
FRTATIONN

0250

5876024
5821762
4404590
4417508
3675158

3423927
2459173
2611687
le72302
leB222

lel8111
«81136
056693
#34333
+13705

~205464
-223394
=a4026C
56206
=-s713646

~a85780
~199586
-1a412833
-1825578
~137870

—1649752
~le612%9
-1e7242%
~1483276
-1493838

-2406131
~2a24174
~2e23987
~2e33583
—2e42977

~2e52181
-2461205
-2470062
=2278769
-2s8730C8

~2295713
-2,03983
=3s12125
~3420164
~3426047

~3435839
=2443524

TECHNICAL

REPORT

S

R--88

PRESSURE

NATIONAL

DISTRIBUTIONS FOR MACH NUMBERS NEAR
WING HAVING A CIRCULAR-ARC PROFILE

ON A SEMI-INFINITE
0300 I 8 4CC I «52C
IR _ -
5476829 5¢77637 | 5477959
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040001 5478168 5478153 5477959 5876829 5674679 5a72315 5467738 5¢56TT1 5042427 5219276 3s64225
«0005 5424375 5424356 5424122 5422746 520122 5617229 5e11615 4398009 4479B86 4049693 3430337
40010 4497491 4497471 4297211 4495676 4492764 4989534 4683250 4Le£7922 4047233 4211895 3513403
«0050 4421565 4421537 4421170 4419033 4014938 4010365 4e01341 3¢78543 3445863 2498763 2865572
#0100 3¢80165 3480128 3479678 3677044 3671961 366252 354819 3425094 2686828 2s5h047 2439491
«0200 3030601 3230553 3029958 3426460 3el%632 3911829 2095935 2858668 2028523 2413026 2408268
«0400 2469382 2469311 2868415 2263083 2052497 2040720 2419708 1e87618 1s 73098 le6B8333 1469706
20600 2026099 2425994 2624720 2417107 26002952 1489075 1468670 lad6109 1639082 1438536 let2441
+0800 191038 1,90898 1489109 1478935 1062413 1048386 1430905 1415804 1413104 1al4987 1420361
+1000 1460865 1660661 158184 1445601 1428032 1414958 1400820 291275 891464 094950 1401354
«1200 1433976 1433684 1830355 1615794 298217 186618 075612 270284 272594 e 77264 e B4426
¢1400 1409490 1409069 1204780 088777 +71898 161948 453697 #51710 $55655 061259 #69008
s1600 +86830 +86228 +80962 064049 s 48315 ¢40013 +34160 034900 840163 s46519 054753
#1800 265617 064792 ¢58586 41238 826913 20183 s16419 219435 425797 e32782 041423
«2000 245578 044495 037436 ¢ 20055 207276 402014 + 00082 005039 212337 2198¢1 +28851
02200 626510 s 25149 217351 + 00268 -+10908 =314811 ~s15125 -s08483 -+00373 207620 0168914
42400 208256 206616 -201790 =s18312 -+27878 330529 ~329399 ~-421275 812451 ~104044 ¢05518
+2600 ~409301 -s11209 ~320088 ~s35841 ~s43823 -a45319 ~442892 ~e334438 -8239883 -s15212 =3s05409
«28B0C -s26254 ~s28406 -037623 ~-252447 -458888 -459317 ~e55717 ~-s45087 -435055 —-225946 «s 15927
#3000 - 42676 -e45041 -254467 -a68241 -0732193 =y 72636 —067965 -956261 -¢ 45709 ~s36298 -2 26081
#3200 -e58625 =s61167 =-s70680 -s83312 -885834 ~e85360 -s79709 -s67025 =s55098 ~ah 6210 =3259]2
03400 -a 74145 ~+76828 -3836314 -257739 -859890 -~297564 -s31009 ~s77623 ~955961 —-256018 -a 455454
03600 ~e89275 =e92062 | =1601416 | -1211587 | -1e124825 | ~1409305 [=-1401913 -e87496 -975630 -8sH5452 -a5464723
+3800 =1604045 | ~1406899 |~1816032 | ~1424S15 | =1424502 | =1420634 |=1412464 -~e97274 ~435034 -s74636 =453774
«6000 =1018481 | =1421368 | ~1830194 | —~1437772 | =1s356161 [ ~1a31522 | =1422656 | -1406786 -094197 —-e8359% =+ T259F
24200 ~1¢32605 | =1635491 | =1443938 | ~145C201 |[=~1e4T444 | 1442216 | =1432629 | =1416056 |=1802140 ~892245% ~eB1227
«4400 =1e46435 | ~1449292 | ~1457291 | =1462261 | ~1458386 | =~16¢52536 | ~-1442320 | ~1425104 |~1411881 | -1e00905 ~e 80664
+4600 =1459985 | =1462788 | =1470285 |~173924 | =1459019 | =1462580 | =1s51759 | =1¢33948 | ~1s20425 | =1409290 -s97937
4800 =1873273 [ =1475994 [ ~1482943 | =~1¢85278 | =1079369 | =1872369 | =1460972 | ~1442605 | =1428817 | -1417511 | =1406052
#5000 ~18B6308 | —14889256 |=1895286 | -1496332 | =1489457 | =1481926 | =1a69795 | =1451085 | =1437040 ~1425580 | =1424021
#5200 =1499101 | =2,01599 | —=2407334 | =24071C8 [=-14793C5 | =1491268 | =147882 ~185G407 | —=1445113 [ —14235C8 | ~1e218572
05400 =2411663 | =2414023 | =2419106 | ~2517624 | =2,02929 | =2400609 | ~1337673 | =1467576 | ™1a52047 | =1e41302 | =142055¢
#5600 =2024003 | =2,426210 | =2430614 | =2427899 | =2418347 [ =2409365 [ =14959&]1 | =1e75607 |=1450849 | ~1448972 |=1437132
+5800 ~2436128 | =2338169 | ~2418B79 | =2437950 | =2427571 | =2418146 | ~240429& | 1483497 |-1468528 | =1456575 | =1444607
26000 ~2e48046 | ~2449911 | =2a52911 | =2447T90 | =2036515 | =2426765 | =2412487 { ~1491265 |=147609C | =1463965 | =1451987
#6200 =2059764 | =2461443 | «206372]1 [ =2457433 | =2465488 [ «2435230 | ~242054]1 | =1498915 [ =14235&2 | =1471300 | ~1459225
« 6400 ~2071288 | 2472773 | =2074323 [ =24566889 | =2454202 [ =2443551 | »2428467 | =2¢C5452 | =1400R88 | ~1578534 | =1466385
6600 =2e82625 | =248B3909 | ~2sB4726 | =2476169 | =2452764 | -2e51735 =2436271 =2e13882 | =1e98135 [ ~1a85672 =1e7245]
«6800 =2493780 | =2e94857 | =2094939 | =2,85283 [ =2471183 [ =2459789 | «2443559 | =2421209 | =2405285 | ~1492718 | =14285429
«7000 =34204758 | =3,05625 | =3406970 | m2,94239 | =22794686 | =2487720 | =2651527 | =2428428 | =2412344 | =1499676 | =1487320
07200 =3415563 | ~3416217 | =3414827 [ =3,03044 | =2487619 | =2475534 | =24590083 | ~2435574 [ =2419315 | =2406550 | =1494129
o T6400 =3426203 | =3,26640 | =3924517 [ =3411705 | =26495649 | =2403234 | =2466379 | =262620 | ~2e26201 | ~2013242 | =2.00859
27600 =30366B80 | =3,436898 | =3434048 | =3,20229 | =3403560 | ~2¢70827 | 2673652 | 2449579 [ =2623006 | ~2420055 | ~2407512
+7800 =3046999 | ~3446998 | =3443425 | -3428622 | =3411358 | =24983186 | =2480823 | =2456454 | =2429732 | =2426692 | =2414090
#8000 ~345T164 | 3456943 | =3452654 | =3436989 | ~3419047 | =3405706 | 22487923 | =2963249 | =2446382 | -2623256 | ~2+20598
«8200 =3667179 | =3466737 | =3461740 | =3445034 | =3426521 | ~3413000 | =2424927 | =2469966 | ~2652958 | ~2439749 | ~2427035
#8400 =3e477049 | =3,76387 [ ~3e70689 | =3453063 | =2434114 | =2s20201 | =2601847 | =2476608 | ~2e59464 | ~2e46172 | =2433405
*8600 =3486775 | =34858%4 | 3079504 | =3450980 | =2e41500 | =2427314 | =3408684 | 22483176 | =2465859 | =2452520 | =2439710
+ 8800 =3496362 | 3495265 | =348B192 [ =3,68787 | ~244B792 | =2436337 | =2415445 | «24B9874 | =2e72266 | —2458821 | =2445951
29000 —4405816 | =4,04500 | —3e96754 | =3476492 [ ~3455994 | =344128] | =3422128 | 2496101 | 22478570 | 2465050 | =245213C
#9200 ~4¢15136 | =4413604 | 24405197 | ~3484093 | =3453106 | =3448143 | =3,287739 | =3,02462 | ~2434808 | =2671215 | ~2458247
29400 ~4024326 | =44225B4 | —401352]1 | =3491598 | «32470133 | =2454325 | ~3435276 | 2408758 | 22490985 | =2477321 | =2464306
29600 =4033392 | =4431437 | =4421732 | =3699007 | =3477077 | =24561631 | =23,41743 | =2,14990 [=2497100 | -2493368 | =2.70307
29800 ~40862334 | =4440171 | =4429834 | —4406323 [ ~248394]1 | ~3268263 | ~3248143 | 2421159 | -2403156 | -2e89357 | =2.76252
140000 =4451156 | ~4448787 | «4437827 | 4413550 | —3490727 [ =3474822 | ~3454475 | =3427268 | =3409155 | =2495290 | =2.82142
;o 424366 s23470 420970 s18259 al7679 018443 ¢20259 0226812 023817 124530 224998
EdFH 1411059 1a10128 1405259 +9369% «B83176 076620 69795 064442 +63957 065797 +70330
Edw 4aB2225 4480685 4470476 4281969 6412953 3492734 3667815 3437460 3619980 3408569 3400390
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TABLE

SPANWISE

TECHNICAL REPORT R—88—XNATIONAL AERONAUTICS AND SPACE

ADMINISTRATION

IV. CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR 1 AT VARIOUS
ON FINITE-SPAN RECTANGULAR WINGS HAVING CIRCULAR-ARC PRO-

STATIONS

FILES  Continued
() A=1
Cp - 2t,

/s 4000 +250 +500 2700 +800 +850 4900 0950 0975 4990 14000
040001 5.77808 | 5.77479 | 5476023 | 5472316 | 5667738 | 5463643 | 5056769 | 5862626 | 5¢25311 | 498953 | 3464212
40005 5423935 | 5423537 | 5221764 | 5417228 | 5a11614 | 5006554 | 4s98008 | 4479886 | 4857690 | 4421966 | 3630321
20010 4497003 | 4096556 | 4s94585 | 4489536 | 6483252 | 4a7757s | 4667926 | 4047231 | 4921377 | 3478637 | 3413384
20050 4420891 | 4420262 | 4917503 | 4410371 | 401342 | 349303 | 3478541 | 3445859 | 3408550 | 2679776 | 265547
40100 3479333 | 3478561 | 3875157 | 366251 | 3e54814 | 3244085 | 3425089 | 2086819 | 2059527 | 245488 | 2629460
40200 3429492 | 3428480 | 3423927 | 3411830 | 295940 | 2481352 | 2458658 | 2428516 | 2415143 | 2409535 | 2008229
+0400 2067711 | 2066172 | 2459161 | 2440713 | 2019710 | 2406553 | 1a87606 | 1673076 | 1668746 | 1468016 [ 1469647
40600 2023722 | 2421507 | 2411687 | 1429079 | 1468674 | 1456871 | 1446095 | 1439040 | 138261 | 1439490 [ 1642355
+0800 1687693 | 1484668 | 1672291 | 1448375 | 1430893 | 1s22387 | 1415768 | 14130462 | 1414278 | 1416645 | 1420237
41000 1456210 | 1452393 | 1438201 | 1414256 | 1500820 294021 91226 021371 093956 497098 | 1401182
+1200 1027660 | 1423233 | 1408071 +86606 + 75587 $ 71745 +70202 072647 076011 79723 +84180
+1400 1631229 +96426 +31046 +61909 +53632 +51430 251559 055417 059748 163903 468650
+1600 276460 471503 +56499 +39909 $36014 233144 +34625 ¢33779 044734 043248 054229
+1800 +53075 W48149 033955 019946 s16122 216375 + 18971 $25204 +30675 035491 240670
+2000 +30891 $26137 +13067 «01560 | =e00468 40076 $04313 211466 017280 +22456 027805
+2200 009779 005299 | =406502 | =e15574 | =415970 | =s13917 | =a095454 | =40158% 004712 «10015 115513
+2400 010359 | ~o14695 | =¢264902 | -¢31688 | =¢20538 | =42784% | —422737 | =s14072 | =4C7427 | =-401921 403710
22600 —029502 | =¢33347 | —e42313 | =e45694%5 | =e4458% | ~s41120 | ~435765 | =426061 | -e19107 | =s13419 | =e07667
+2800 ~248018 | —451343 | =458861 | =a61471 | =a57523 | =e5385. —447500 | =43761C | =430332 | ~e24528 | =418667
#3000 065662 | 468553 | =e74543 | -475355 | —a70715 | =+66097 | =¢59193 | =448737 | -441293 | =435286 | =429325
+3200 482587 | =4B5039 | =285735 | -48B671 | =-e83024 | =e77907 | =e70562 | =¢55403 | =s51872 | =e45725 | =e39671
#3400 “e98836 | =1400854 | =15054203 | =1401575 | =a06896 | =¢89307 | =e81645 | -470056 | —e62144 | -e55867 | =e49727
+3600 10144653 | =1416044 | ~1e18100 |~1413812 |=1206368 | =1400343 | ~e32056 | =e50289 | =e72133 =e59514
+3800 1629475 | =1s30651 | =1s31472 | ~1s25720 | =1a17472 |=1s1104 | =1e02358 | =e5C201 | =e61854 469047
46000 —1.43938 | =1446712 | =1e44356 | =1e37232 | =1s25223 | =1421632 | =1412271 | ~e95849 | -e31323 ~+78340
16200 —1e57870 | =1e58261 | =1655737 | =1443374 ' =1438673 |=1e3151" [ =1422112 [ =1s02249 | ~1s00555 | =e93337 | =e87400
06400 “14713C7 | =1471329 | =1453795 | =1457171 | ~1448813 [=-144132: | =1431555 | ~1e13412 | =1403559 | =1402749 | =+96256
$4600 ~1084274 | =1483944 | ~1420405 | -1469644 | =105666% |=1a5C87 . | =1440834 | ~1427245 | ~1418345 | =1e11451 [ =140485%
44800 1496797 | =1496130 | 1601681 |~1479812 | =1468256 | =146017! |=1449842 | =1e36C72 | ~1426533 | ~1#19551 | ~1s13344
45000 2408898 | =2407914 | 2602527 | =1439659 | ~1677588 |=146522" | =1458628 | =1s44591 | =1e35319 | =1628255 [=1e21579
$5200 22420603 | =2419317 | ~2413050 | ~1599293 | =1486678 | =147800 . | =1467204 | =1452912 | ~143515 | ~1436300 | ~1e29672
45400 =2431932 | ~2430359 | =2422320 | =2,08637 148667 | =1e75576 | ~1461045 | =1451530 | ~le44324 | =1437569
45600 24642906 | =2461058 | =2433260 | -2417734 “149508) | =1433755 | ~1468597 | =145936% | -1452077 | =1443296
45800 2453536 | =2,51632 | =24429130 | ~2426595 ~2403295 |=1651745 | =1476775 | ~1467041 | ~1459705 | =1e52854
26300 2063847 | m2461501 | =0s52307 | ~2435230 [ =2420922 | =Te11315 | 1459563 | ~14243385 | 1474550 | =1967155 | ~1e60272
+6200 2473853 | =2471276 | =2as1641 | =2443651 $ 22864 =2407285 | =1471836 | ~1481902 | ~1s74445 | =1467530
+6420 ~2483568 | =2480773 | =~2473330 | =2451867 236714 2414602 | =1495127 | =1485104 | ~1881596 | =la 74640
+6650 =2493007 | =2,4900C4 | =2478937 | ~2459886 | =2e443285 «2422001 | =2006270 | ~1496160 | —1488600 | ~1a51610
46800 =3402181 | =2498984 | =2487422 | ~2467715 | =2051885 —~2¢29165 | =2413267 | =2a03074 [ ~1495455 | ~1438452
#7000 =3411106 | =3407722 | =20956%5 | =2475355 | =2a59220 =2036182 | 2427125 [ =~2409853 | ~2402196 | 1495141
+7200 3419791 | =3416231 | =3403655 | -2422841 | =2s65398 =2443056 | =2426847 | =24158500 | 2408795 | =2401712
£ 76400 3428247 | =3,26520 | =3411490 | ~2490149 | =2473422 2047792 | =2433438 | =2423019 | ~2415274 [ ~2408151
27600 ~3436486 | =3432600 | =3419130 | —2497258 | 2480302 | ~2456395 ~262964315 | =2421625 | =2414438
+ 7800 =3464515 | =3,4067S | ~3426551 | =3406292 | =2457027 -24628869 ~2435691 | 2427805 | =2420679
+8C00 —3,52345 | ~3,448167 | =3432802 | =3411138 | ~2492640 2465219 =2441852 | =2033939 | =2426737
+8200 ~3459985 | =3455671 | ~3641008 | —3417841 |=3400109 |=2483874 | =2475445 | 2458577 | ~2047500 | =2440001 | =2432785
#8400 “3467641 | =3462997 | 3447976 | =3424406 | =3s06450 | =2495127 | ~2431560 | ~2464576 | =2453839 | ~2445905 | ~2+38666
48600 =3,74721 | =3470157 | =3454792 | =3430837 | =3¢125671 | =3401233 | =2e87559 | ~2e70454 | 2053674 | =2451708 | ~2s44436
+8800 23481837 | ~3477157 | 2061461 | =1437153 | ~3418770 | ~240723+ | =2e03451 | ~2¢76248 | =2465405 | =2e57607 | =2450125
+9000 3488787 | ~248399]1 | =3467993 | =3443322 | =3424755 | =3a13117 | ~2499235 | 281933 | =2471035 | ~2463008 | ~2455708
+9200 =3495582 | =34906864 | ~3476387 | =3449302 | ~3¢30631 ;i =3s18697 | 2404915 | 2487517 | ~2475575 | —2468516 | ~2461194
»9400 4402232 | ~3497230 | =348C654 | ~2455325 | ~2426358 |=3424574+ | =3410501 [ =2493008 | ~2482017 | ~2473930 | ~2466590
+9600 “4y08736 | ~6403638 | ~3486792 | ~3461162 | =3e42061 | =24301%3 | =3415987 | ~249B404 | 2087369 | ~2479255 | =2471897
+9800 —4415103 | 4409915 | =3492809 | =1466838 | =3467624 | =3435625 | =3471380 | =3403710 | 2092633 | ~2484493 | ~2477117
10000 4421339 | ~4g16062 | =3498T1L | =3472510 | =1253089 | =3441011 | =3+256682 | =3e08%30 | =2497811 | =2489646 | =2482254
Xo +18705 +18282 +17393 +17995 119433 $2031) 021207 $22092 $22525 $227€0 022569
Capy 1400027 296961 +87621 +75593 168748 065671 +63272 $62712 164009 065951 +63977
Ta, 5061658 | 4456341 | 4430462 | 3495312 | 3470789 | 3456484 | 3440726 | 3423318 | 3413921 | 3407965 | 3403736
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TABLE 1V CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR 1 AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN RECTANGULAR WINGS HAVING CIRCULAR-ARC PRO-
FILES- -Continued

() A=0.7
[ - T ) -
Cp - 2%
~J/s 2000 +250 +500 700 1800 850 4900 +950 +975 1990 14000
X
040001 5476805 5076153 5873657 5468359 5862552 557651 Se49753 5433915 5815510 4487513 3464088
+000s 522717 5221915 518876 5812375 5405205 4199104 4889190 4468929 4edb651 4405759 3430170
40010 4495644 4494763 4291366 4484106 4876049 4069168 4457899 4434547 4005863 3460676 3413215
#0050 4418986 4417753 4212965 4402576 3490787 3480445 3462935 3026085 24093676 2474609 2065315
0100 3476978 3475452 3469514 3456394 3641152 3427572 3405380 2470315 2451836 28042987 2039173
«0200 3426378 3424339 3+16289 2498131 2077529 2461311 2040743 2019837 2411743 2008487 2407846
«0400 2062944 2459790 2047375 2922322 2401145 1489168 1478008 1469759 1467665 1067643 1469072
#0600 2016845 2612461 1496633 1470878 1254393 les6794 1440805 1637868 1037948 1439259 leb41541
«0800 le 78194 1272925 1055657 1232473 1420508 lel5818 1912840 lel2601 1014220 1416306 1¢1508%
+1000 le43874 1438264 l1e21228 1401674 093285 ¢90604 089628 091305 ¢93838 1936449 299574
1200 1612650 1407133 091390 275555 $69984 268790 269282 072366 275572 s 78574 *+81955
#1400 +83911 » 78767 264867 052522 049231 +49210 +50851 255064 +58783 162098 265684
01600 +57289 052680 240845 431670 0 3029C #31233 033821 038927 ¢4310¢ 046683 150440
+1800 32532 +28534 + 18800 412479 «12724 s 14496 +17887 023772 428330 432127 036031
+2000 +09439 +06079 -e01818 -+05378 ~+03699 -e01228 402860 0092421 14309 #18300 022332
#2200 -212153 =e14882 ~+20655 ~822115 -219182 =e16087 -s11387 -e04231 00948 205111 009256
+2400 -¢32385 =e34507 =-238492 ~+37885 ~$33839 =+30191 =-124946 —-a117259 -011822 =s07505 ~e33259
42600 ~251382 -e52932 =+55269 =¢52803 —e47762 ~14361% -s3788¢ ~429724 =e24054 ~+1959°7 —s15261
2800 ~269255 ~s70271 -+71100 ~e66957 ~s61022 “s56434 ~a50265 —a41672 -135730 =e321211 ~026790
+3000 -486099 “e86625 -:8607¢ -+80420C -e73679 “168689 —e62122 -e53141 -047068 ~a42378 -e27879
+3200 =1402006 | =1402080 |=1400277 -s93250 -485780 ~360427 ~a73500 -164164 ~357917 =s52120 ~es4855¢
#3400 ~1417052 | =1416713 [-1s13769 | =1405501 ~097369 -+91685 ~e34430 ~a74771 —258385 =e53473 =e58845
3600 ~131311 [=14305%94 |~1226612 | =1417215 |[-14084682 | =1402496 ~094942 -484988 -178436 ~e73457 —s68772
+3800 ~la44844 | =1443782 | =1438856 | ~1428434 [=1419152 | =1412890 | =1405062 ~a54837 -s88181 ~+8300922 -a7835¢
24000 ~1e57711 | ~1456335 | =1450549 | ~1437191 | ~1429408 | -1422896 | =14143915 | =1404340 ~497530 ~e92298 ~e87512
44200 ~1269962 | =1268300 | =16461730 | ~1449520 | =1e392756 [ =1432530 | ~1424219 | =1013516 | ~1408593 [~1401393 ~e96560
+4400 =1681646 | =1479723 | =1a72437 | ~1459444 | =1448780 | =1e4182]1 | =1433208 | ~1422382 | ~1415355 |~1410092 | =1,0621¢
4600 ~1492805 |=1490643 | =1482701 | ~1468095 |~1457944 | =1450788 | =1442069 | =1430957 |~14230231 | -"418511 ' =1412509
+4800 ~2003476 | =2,01094 | =1492555 | ~1476193 | =1466784 | =165G449 | =1,450548 | =1435755 | =2432029 | ~1426664 i =1471717
+5000 =2413693 | =2411114 | =2402025 | =1487C60 | ~1475222 | =1457819 | =1458750 | =14472%5 | =143999]1 i =1s34585 | =1429585
#5200 ~2023492 | ~2420729 | =2611138 ' ~1495615 |=1483574 | =1675916 | =1e566691 | =1455075 | =1447699 | ~1442227 | =14237215
#5400 =2032879 | =2429968 |~2419912 | =2403878 | 1491556 | *1¢83754 | ~1474385 [ =1462624 | =14551T4 | =1040660C | =144461G
+56C0 =2041%941  =2438855 | =2428372 | =2411865 | =1499282 | =1691347 | ~1481843 [ =1469947 [~14£2420 | =1+56875 | =1451808
#5800 ~2e50639 =2447411 | ~2e36536 | =2419591 | =2406765 | =1498707 [ =1489078 | ~1477057 | =1869477 | -1463884 | —1452702
#6000 ~2059019 | =2455659 | =2644422 | =2427071 | =2426020 | =2405845 | =1496100 | 1983962 [ -1476323 | =147065% ., 1465577
06200 =2067099 [ ~2463619 [ ~2452044 | =2434316 | =2421057 | ~28412775 | =2402921 | =1490672 [ =1082979 | ~177216 | ~1a7217°
+6400 ~2076898 | =2471305 | =2459419 | =244134]1 [ =2427887 | =2419505 |=2409549 [ =~1497197 | ~1429452 | =1433761 | =1478602
+6600 —2e82433 | =2478736 | =2466560 | ~2448157 [~2434520 | 2426045 | =2415993 | ~2,403546 | =1495753 | =1420032 | =1494854
«6800 ~2689717 | =2485924 | =2473481 | —2454774 [—2440967 | ~2432404 | =2422263 | ~2400726 | —2401887 | —-1496139 | =12509¢2
+ 7000 =2096768 | =2492886 | ~248C192 | —2461201 | ~2447236 | =2¢38590 | ~242R8266 | 2415744 | —2407863 | =2402089 | =199487%
7200 =3403598 | =2499632 | =2486705 | ~2467450 | ~2453336 | =2444612 | =2434300 | ~2421605 | ~2413687 | ~2407889 | =2+02859°
¢ 7400 =3410218 | =3406174 | =2493030 | ~2473527 [ ~2459273 | =2450477 [ =2440101 | =24273264 | =2219365 | =2413545 | =240820C
« 7600 =3s16639 [=3412523 | =2499177 | =24796462 | =2465056 | =2256192 | =2a45746 | =2422899 | =2424905 | =2419063 | 2413804
27800 3422874 | =3,18690 | ~2405156 | —2485201 | =2470692 | =2261763 | =2451252 | =2438339 | ~2430311 | =242444L9 | =2,19176
+8000 =3428931 | =3,424684 | =3410969 | ~2490812 | =2476187 | =2,67198 | =2456625 | =2443649 | —2235590 | =2429709 | =2474422
+8200 =3034819 | ~3430512 | =3416630 | =2,96281 | —2281548 | =2372501 | =2461870 | =2448835 | =2440745 | =2434846 | 2429540
+8400 =3040546 | ~3,436184 | =3422145 | ~3,015616 | =2486778 | =2477679 | =24656993 | =2453000 | =2945784 | =2439858 | =2424557
+8600 ~3046120 | ~3441706 | ~3427521 | ~3406621 | =2e91687 | =2e82734 | =2071696 | =2459852 | ~24507C8 | =244477€6 | =2439457
+8800C ~3451550 | =3447087 | =3a32763 | =3411901 | =2496875 | =2487677 | =267689C | ~2462692 | 2455523 | =224957% | =2444206
+9000 =3456841 | =3452331 | ~3437875 [ ~3,16865 | ~3001749 | 2492506 (=2481672 | ~Ce68431 | =2460236 {=2454274 | =2448925
#9200 ~3461999 | =3457445 | =3442869 | 3421712 | ~3406517 | =2e97228 | =2486350 | =2472063 | =2a66846 | ~2458870 | =2453522
09400 =3467031 | ~3,462439 | ~3467743 | =3426451 | ~3e11178 | =3401849 | =2e90930 | =2e77598 | ~2469361 [ -2a63372 | ~24580.2
29600 =3471942 | =3,567310 | =3452505 | 3431086 | =3415738 [ =3,406371 [ =2495411 | =2582040 | =2473781 | -2467779 | =2462413
29800 =3476739 | =3,72070C | «3457162 | ~3435621 | =3020203 | =3410500 | ~2479800 | =2¢86391 | =2478112 [ =2472098 | ~2466722
140000 ~3e81425 | =3,76722 | =3461715 | =3240058 | =3424574 | =3415135 | 3404100 | =2450654 | —2482356 | =2476331 | =2470%5C
Xo 015306 15230 015425 016625 ¢17597 +1812% 218662 219200 019468 019628 019735
EdFH 086025 +83117 274868 #65802 861443 #59730 258851 «59320 060806 662514 054937
Edw 4421709 4414533 3892516 3463166 3444136 3433438 3421907 3409439 3002793 2398621 2695720
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TABLE IV, -CHORDWIRE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR 1 AT VARIOUR
SPANWISE STATIONS ON FINITE-SPAN RECTANGULAR WINGS HAVING CIRCULAR-ARC PRO-

FILES

Continued

() A =04
Cp - 2y
el S B — o
~ /s 4000 $250 W 1500 +700 1800 ] 4850 +900 4950 4575 1990 14000
X
- E -
0400C1 5.72856 | SeT1665 | 5867503 | 5459844 | 5452302 | 5446281 | 5636949 | 5418947 | 4¢98548 | 4467708 3563078
+0005 5017891 | 5416437 | 5411323 | 5401840 | 4492404 ‘ 4aB4TO5 | 4672856 | 4449256 | 4421399 | 3478050 3428942
$C010 2990276 | 4988648 | 4682927 | 4472259 | 4e61566 | 4452871 | 4439111 | 4411372 | 2477929 | 3437358 3411850
+0050 4011420 | 4009106 | 4eC0872 | 3485118 | 2468708 3454910 | 3432926 2097627 ) 2478187 2068400 | 2463403
+0100 3067572 | 3264665 | 3454211 | 3433711 | 3e12397 | 2495966 | 2474916 | 2052685 | 2043310, Zs38804 2436814
+0200 3413638 | 3409630 | 2495061 | 2468112 1 245920 ‘ 2433158 | 2420746 | 2210302 1 2406437 | 2404386 2404706
10400 3042777 | 2436505 | 2017907 | 1492633 | 1478492 | 1472265 | 1667122 | 1463685 | 163027 1 163286 [ 1e64261
40600 TvBB533 | 1482629 | 1s64801 | 145909 | 1e37523 1034295 | 1432087 | 1s31433 | 1432099 1e33122 | 1634597
40800 1442945 | 1437651 | 1823538 | 1410490 1 1s05682 ‘ 1404245 | 103791 | 1404820 | 1406286 ‘ 1407782 ' 1609566
41000 1603740 99574 189164 $80813 $78564 | 478424 $79211 081442 +33489 +85327 $57337
| +1200 069689 066641 +59528 +54925 ¢56681 ' #55498 +57240 060397 462895 | #56459F | $6T186

[ #1400 +39899 037844 ¢33506 $31912 | 433261 1 434832 +37335 041233 044092 ‘ 246410 248738

[ #1620 013661 112462 210394 211229 | +13826 | 416045 +19165 023667 026622 029317 031761

I 91800 209603 | =410128 | =+10308 | —a07695 | =¢03867 | =e01134 102494 107496 210298 013237 s16078

© a2000 130366 | =e30223 | =428977 | =e24552 | —e20071  =a156912 | -e12862 | =a07644 | =e03837 ‘ ~s01C75 | #01547

|
+2200 —069016 | —=s4B506 | =s45912 | =¢40160  —¢34972 | =431459 | -a27056 | =421208  -e17509 P oealeb4d | =e11955
22400 65866 | —e64978 | =461357 | =456505 | 468728 | =a44017 | -—e40217 | =e34154 | -e30227 ) -e27273 -+24525
+2600 081181 | 279980 | =e75509 | =467741 | =e61469  =¢57407 | =e52455 | =—s46l4l | =e42089 | -e39061 ~436263
42800 095172 | —233711 | =+88538 | =480001 | =472307  =e67034 | —e63868 [ =957337 | —¢53179 | =e50057 047246

. #3000 1008020 | ~1406362 |=1400578  =491352 | =s84247  =¢73887  -aT4532 | =e67825 | ~e63573 | -e60425 -957547

i i {

' 43200 ~1419870 | ~1418C11 |~1s11750 i-1.0201A 004662 | =sI0040 | =—eB6540 | -a77667 | =e73336 1 =e70140 | =e67221
13400 —1e30846 1~1e28835 |[~1s22153 |~=1s11945 |=-1a04332  =439583 | =493933 | =485228 | -»82527 ~¢7325C | =+7535:2
23600 —1941052 |=138912 |~1s31870 |=121260 @ -1s13420 =1s08554 4 =140275C | =a9565% | -a71197 | -ve7520 ‘ =4 54952
+3800 1050579 | =148327 |=1440977 |=1430617 ;~1s21581 i =1s17013 | =1411145 | ~1403709 | =e99394 = ~s9603% -+93102

I #4000 1059498 | ~1457151 [=1649535 |~1438272 | =1a30004 ' =1s25007 | =1419C48 | 1411719 | ~1¢G7158 | =1403325 | =ie00B2Z

! |
246200 | -1467875 1 =1465446 |=1s57599 |=1446072 | ~1¢27714 ~1832578 | ~1426539 ; ~1019127 | =1a14526 | -10i1167 )—1.051@9
«4400 ~1475766 | =1473265 |=1465217 | =1453458 | 1544968 =1439762 =1433653 ~1e26156 |~ D=1e1511%
14600 ~1483217 [ =1480653 |~1s72428 ~1460665  =1e51857 ; ~1446592 ~1e40418 | 1432871 P=1e21752
+4800 —~1490271 ' =1487652 1=1e79272 ‘-1.6712? ~1458417 ' -1853057 | =1s46867 | ~1e39262 | =1a34062 | =1431143 | =1s28005
$5000 C1h06564 =1894297 |=1a85780 | -1a72%76 | -1s564571 =1459301 | =1453022 | =1a453567 | ~1s4053° © =1437205  ~1e3415¢

{45200 | =2403327 §-2.005le ~1e71978 [=1479532 | —1e70644 =125523C | ~1458906 | =1451202 P =1446652 | ~1443005 | =1439527
45400 | =2409388 i =2406660 |~1997894 | =1435317 =176357 121470904 | =1466538 | =1456755 ; —1052023 | ~1¢48563 | =1945475

| #5600 | -2415173  =2,12392 [=2403547 | ~1,90857 } ~1eA1828 | 21476341 | =1469935 [ =1462158 | =1457367 | ~1453895 | ~1430735

| 45800 © =-2420705 | =2417892 [=2408960 | -1456167 | -1437078 | w1481E5F | =1a75123 | 21667208 | ~166200C | =1e59C16 | 1855914

' ,5000 | =2426001 | =2423161 |=2s14150 {~2401264 | =1432120 =1s30657C 1480106 | 1972255 | =1467436 =163942 | =1e06083¢

. 46200 —2431079 | =2428214 |=2419133 |=2406162 | ~1496968 ‘-1.9139; 1484901 | =1477C25 | 1472187 | 1468606 | =1465571

| 46400 —2435957 =2433070 |-2023923 | =2410875 | 2401636 ' =149603¢ | «1489519 | ~140161% -1876767 | ~1473258 | 1470138

| 46600 40647 | 2437740 |=2028534 | —2415416 | 2406135 =240051L | =1493974 | 1486030 [ 1621136 | ~1s77659 | ~1e74545

| #6800 | =2445163 |~2462237 [=2432978 -241979% ~2410477 [ =240483¢ | =1450274 | ~170329 ~1685454 © ~1431930 | ~1e78202

[ 47000 | =2449515 :=2446572 |=2437205 1-224024 ~2s14671 2005010 1 2402420 | ~1e%3464  =1e£7579 | ~1s88020 ¢ ~1402917

‘

« 7200 22453716 | =2450757 |=2441405 | ~2428100 | —2418725 =241304° | =2406445 | =1498465 | =1893571 | ~1490C36 [ =1e86897
» 7400 —5457773 | =2a56801 |=2e45407 | ~2472062 | —2022658 =2416757 | =2410340 1 =1402340 | ~1457437 | 1033357 =1430795
#7600 C5ee1697 | —2258711 |=2449280 1 -2435889 | =2026448 [ =2020740 | =2414111 | =20056094 | =2401162 | =1497638 =1a54494
+7800 o e5465 =2e62497 |=2453031 | =2s29598 | =2s30231 | =242461C | =2417767 | 2409736 | =2a04817 | ~2401267 ; =la98lcC
+8000 5069174 | =2466164 |=2056666 |-2¢43194 | =24337C4 | =202797C | ~2421214 | =2413209 | =2e08246 1 =2404730 =240164%
+8200 2072761 | 22069721 |=2660193 | =2465684 | 2437173 | =2031420 © =2424759 | =24106702 | =2411770 ' =2408213 | =24C5060
48400 25076202 | =2073173 |=2463617 :~2450075 | =2s40543 | 2434787 | 22428107 | =2¢25039 | =2415101 | =2411540 | =240838%
18600 —2.79564 | ~2876526 |=26566543 | =2453370 | ~2443820 | =243805" | =2431363 | —2423284 | =2418341 | -Ze14775  ~2e11018
+8800 582830 | =2479784 | m2470178 | —2456575 | =2047007 | =204122, | =2434532 | =2426442 | =2921454 | =2417725 | ~24147066
+9000 586007 | ~2482953 |=2473325 | -2459695 | =2450210 | —244632: | =2037617 | ~2429517 | 2024564 | ~2420953 | 2417031
+9200 22089098 | =2e86037 | =2e76338 | =2462732 | =2453133 | =204734 | =2440623 | =2432513 | ~2427557 | =2423983 -2420820
+9400 25092109 | =2489041 |=2479372 | ~2465693 | =2456079 | =245027 | =2443553 | =2¢25436 | ~2830473 | ~2426897 ~2423732
19600 25195041 | =2491967 |=2482280 | =2468579 | =2¢58951 | =2a5314 . | ~2a46610 | =2438286 | 2433319 . ~2429740 ~226572
«9800 5097901 | ~2494821 | =2685117 |-2471394 | =2061754 | =2455941 | ~2449200 | =2441068 | =2036098 | 2432516 | 2429548
140000 —3.00691 | 2497605 | =2457885 | ~2474142 | =2464451 | =2458671 [ =2451923 | =2443784 | =2¢38810 | =2435227 ~2032057
%o 410760 410913 111567 $12569 213172 013484 +13800 014117 014275 +14270 + 14433
Cdpy 57915 +56193 +51581 $47376 445897 45645 +45866 47094 48401 049691 451290
Cay 3430997 | 3026250 | 3012174 | 2496481 | 2483519 | 2477492 | 2471080 | 2464237 | 2460622 | 2458361 | 2856813
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TABLE IV—CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR 1 AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN RECTANGULAR WINGS HAVING CIRCULAR-ARC PRO-
FILES  Continued

=0.3
Cp - 2y
e 4000 4250 4500 »700 4800 +850 +900 1950 975 1990 12000
0,0001 5469440 | 5468004 | 5463073 | 5456339 | 5446006 | 5839465 | 5429455 | 5410376 | 4a88908 | 44565466 | 3461880
+0005 5613705 | 5411937 | 505851 | 4e94962 | 6484648 | 4476093 | 6463126 | 4437711 | 4207747 | 3464381 | 3427480
20010 40B5598 | 4483617 | 4sT6TTS | 44646469 | 6452472 | 4442859 | 4027769 | 3497508 | 3462421 | 3428885 | 3410223
+0050 4404728 | 4401874 | 3491861 | 3473235 | 3454258 | 3438769 | 3416002 | 2486127 | 2472000 | 2468863 | 2461116
40100 3455138 | 3455499 | 3442563 | 3418107 | 2494972 | 2479305 | 2461906 | 2445572 | 2438794 | 2235476 | 2433977
+0200 3401883 | 2496763 | 2478994 | 2450485 | 22431193 | 2421403 | 2412390 | 2404924 | 2402139 | 2401013 | 2400888
10400 2023928 | 2417598 | 1498922 | 1477872 | 1467740 | 1463407 | 1459885 | 1457598 | 1s57222 | 1457477 | 1458245
+0600 1464622 | 1455150 | 1s45125 | 1431867 | 1426493 | 1424548 | 1423353 | 1423285 | 1223973 | 1e24889 | 1426026
$0E00 1416327 | 1412576 | 1403333 +95768 +93443 +92995 +93256 094597 195965 «97243 | +98684
+10C0 $ 76762 + 75404 +6500° 065588 165417 166027 $67323 069670 +71529 473097 074729
$1200 +43856 $42576 +40091 | 439728 s41141 042532 44597 167696 149924 +51711 +53488
11400 +16130 215665 015353 1 417263 + 19864 $21847 1 424496 €28170 +30681 432636 *34525
21600 ~407522 | =407278 | =¢06CH8 | =402448 401058 003494 | 406594 +10715 113447 +15534 417510
11300 “y27938 | =427239 | =426809 i =419887 | =s15684 | =412896 | -a09443 | -404973 | -s02066 | 00125 402170
22000 =445758 | =264816 | =e61360 | =435436 | =430687 | =427622 | -+23891 | ~a19142 | ~e16097 | -e13824 | =s11723
12200 ~0 61670 | =,60267 | =456097 | =449391 | =¢44213 | =440928 | ~¢36977 | =432005 | -a128848 | =e26506 | —424361
$2400 ~e75455 | =474065 | =469223 © =461997 | —¢56477 | =453016 | =¢48885 | ~¢43734 | ~440487 | -438092 | -435911
+2600 ~488002 | =4386436 | ~481271 | =eT3453 | ~467656 | =a64053 | =459778 | ~454479 | ~451159 | =¢48718 | ~e46507
22800 499343 | =437652 . =e72136 i -e83920 | =4T7899 | ~aT74179 | —469784 | -464364 | —e60983 | -458506 | -e56271
13200 “1409663 | =1407870 | =1502071 | =493531 | =487326 | =48350% | ~a79016 | -473496 | =s7006& | =e67557 | =~465300
43250 ~141511C | =1417235 [~1411205 ,~1402357 &' -496037 | =492162 | ~¢B87567 | =4B1962 | =-a7B4BT | -475955 , =a73682
$3400 ~1e27804 | =1425662 | =1419640 [ =1410611 '=1404125 [ ~1400160 | =495516 . =4898A1 | =986330 | —483776 | —e81488
23600 ~1635844 | =1433246 | ~1¢274C5  —1418249 - ~1411656 - =1407635 |=1402932 -497197 | -493656 | ~+91083 | -488782
33800 | =1e43212 |=1441267 | =1e34752 [ ~1s25370 [ =1418696 ' =1414624 |=1409872 =1404086 | =1400518 | =497930 & =295619
1600 L 1450276 | =1648190 [ ~1e415€3 | =1432056 i=1425293 =1s21182 |=1416386 —1410556 | -1406966 | =1004364 | =1402044
08202 ~1455792 | ~1454674 | =1447950 ' =1,38323 |-1431457 . ~1427351 |=1422518 =1416650 | =1413040 | -1410426 | ~1408099
24400 1462911 |~1460763 | =1¢53956 ' =1444236 | ~1437347 |~1433169 |=1428305 {=1422403 | -1418777 | ~1416153 | ~1s13818
24600 S1068673 | ~1466501 | =1e59622 | ~1449816 |=1442377 |~1438671 | ~1¢33778 ~1427848 | =1424207 | ~1421574 | =1419234
+480C ~1e74115 | =1s71921 | =1464980 | ~1455099 | 1445114 |=1443886 | ~1438969 |~1433013 | =1429359 | -1226718 | ~1424371
15000 ~1479267 | =1477056 | =1470057 | ~1460112 | -1453088 |-1448839 |=1443900 (1437922 | ~1434256 |~1431608 | =1229257
i !
$52C0 ~1484155 | =1481926 | =1s74882 | ~1464877 | =1457820 |~16833553 {~1s48594 |=1442595 |=1438921 |-1436265 | ~1433911
$5400 ~1483804 | =1486%61 | =1a79475 | -1467%18 |~1462231 |=1458045 | =1453070 |~1447055 | =1443370 |~1+40710 |~1438352
+56C0 ~1493235 [~1490977 | 1483855 |~1473752 |=1466638 | =1462338 | =1457347 [~1451316 | ~1e47623 |~1s44958 | ~1442596
15800 14574065 | =1495196 | ~1483039 |~1,778% |=1470756 |-1466444 ' =1461440 |~1455395 [=1451694 | ~1449025 | ~1446660
25020 -2471510 [ =1429221 | =1492063 | =1481865 | =1474702 |=1470379 | =1¢65363 |=14593C4 |[=1455597 [=1452923 | ~1450556

|
i

i i ;

=2405384 ;-2.03096 i=1e958E2 }‘1.85669 =1e78488 |=1474154 =1469126 ~1463056 | —1059343 | ~1456666 | =1458297
—2409101 | =2,05804 =1499505 | =14B897324 :=148217F =147T7C1 " =14727463 | =1466663 [ ~1462945 11460265 | ~1457893
~2012672 [=241M368 , =2402108 | ~149233F {~1e850623 ;—=181271 =1e76224 |~1070134 | —=106641]1 |=1a63728 |~1e61354
=2415107 [ =2413776 | =2406516 | —145G6223 1 =1488993 [=1484632 =1479577 |=1673479 | =1469751 | ~1a6T7065 [ ~1+64689

27000 =26015415 [=2417295 | 2209300 | =1459485 [~16922561 [=1487874 =1482811 |=1476704 | —=1e72973 |=1270284 |=1467907
¢720C =2022606 | ~2420284 | =2e¢12969 | =24075% =1995377 |=1691002 | =1485933 | ~1479819 | 1476084 |~1a79393 [~1.71015
17400 *2425686 | =2423358 | =2416C22 | =2405674 {=1498407 [=1694026 | =1488950 : -1s82830 | ~1s79091 |~1a476399 |~1474018
27600 ~2428662 | ~2426330 | ~2418986 | =2408615 |=2s401337 [=1696951 [ =149186% | ~1e85763 | ~14R2001 |=1a79307 |=1s76925
«780C ~2031552 | =2429205 | 2421348 | =24114061 |=2s06174 |~1499783 | «1494696 | ~1488564 | =1484819 | ~1482122 | =1e79740
+3C2C =2034329 | =2431988 | ~2426620 | ~2414217 |=24067207 [=2e02527 | =1697435 2—1.91297 —-1487550 |-1a84852 |[=14824%8
+520C «2437C31 | =2434686 | =2427307 | =2416892 |=2409589 |=2405188 | =2s00091 {~199354627 | -1490199 |~1487500 [=1485115
+3400 ~Z243%651 | =24373033 —2019487 1=2412175 |=7407771 | ~240267C =1426524 | ~1892771 {—-1470071 |=1a87684
+8600 =2e42175 [ =223984%4 =2e22007 1-2414838 |=2410280 | =240517% |=1499024 | =1695270 [=1e52568 [=1a50181
#8800 =2044566 | =2452312 “2e0655% |=26417130 |=2412710 | =2407910 |=2402455 | —1697699 |=1294996 [=1s492608
+9UL0 =2447068 | =2,44711 ~2025037 [=2419586 |=2415090 | =2409272 | ~2402820 | —2400062 |=1s9725%8 [=1194969
«3200 =2049404 | =2,447C045 -2 =2012284 | =2406123 | =24023582 |=1499657 |=149726°%
#9400 ~2451679 |=2449317 =24 =2414529 | =240R36L | 2404603 |=2401897 | ~1400607
+9600 =2053894 | =2,431530 -2 =2416712 70106550 | —2406787 | =2404080 |[=24C21589
#98C0 ~205605% | =2,45363¢ -Ze35 -2 =2618357 [ =2¢176R2 | ~2e03917 |~2406207 |-7a03818
140C00 =2458161 [=24557373 ~2837367 ’ ~2614702 | =7e107296 | ~e03787 | =24058753
Xo 408878 09063 «C9712 210562 011049 e1125%8 s11549 011831 e11227 +12002 212052
Sdpy 043927 842737 +3580C #3725¢ 036762 ¢36816 ¢37343 #38597 039768 +40355 242174
281172 2477652 2067334 2054494 2646612 2042280 2437708 2e37815 2032245 2028624 2827232
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TABLE IV, CHORDWISE PRESSURE DISTRIBUTIONS FOR MACH NUMBERS NEAR t AT VARIOUS
SPANWISE STATIONS ON FINITE-SPAN RECTANGULAR WINGS HAVING CIRCULAR-ARC PRO-
FILES  Continued
() A=0.2
o~ ¢ »000 0250 i 4500 s 700 »800 #8580 +900 950 2975 8990 14000
0,0001 5462966 | 5461223 | 5655347 | 5445259 | 5435906 | 5428679 | 5s17746 | 4297126 | 4874034 | 6439080 | 3459198
40005 5405719 | 5403557 | 4496220 | 5283497 | 471511 | 4e6211b | 5047687 | 4219409 | 3486351 | 3448036 | 324197
20010 4676630 | 4474195 | 4465907 | 4eS1385 | 4437547 | 4626578 | 4¢0G455 | 3475424 | 341752 | 3418768 | 2406558
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